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ABSTRACT 

The levels of Al, As, Ca, Cd, CI, Cr, Cu, Fe, K, Mg, Mn, N, Na, Ni, P, Pb, S, Ti, V, and Zn 
elements in the lichens Cladina mitis and C. rangiferina, and the moss Pleurozium schreberi, were 
determined in samples collected at 44 locations throughout Ontario. Levels of As, Hg, and Se were 
measured in a few selected samples. Concentrations were found to be quite variable from place to 
piace. The spatial patterns of elemental concentrations suggest that thev were partiailv related to 
acid precipitation chemistry and to locai sources of air pollution such as urban environments and 
smelters. 

A sample grinding experiment was conducted to compare the results obtained from sample 
replicates ground in preparation for analysis using a Wiley mill with those ground under liquid 
nitrogen. It was found that use of a Wiley mill sometimes resulted in elevated levels of metal in 
the lichens, presumably because of metal chips from the mill blades. Otherwise the results 
obtained by the two methods were comparable within the limits of the sensitivity of the 
analytical methods used to analyze them. 

Samples of lichen ana moss collected three times per year from the APIOS biogeochemistry 
study sites and analyzed to determine the levels of Al, As, Ca, Cd, CI, Cr, Cu, Fe, K, Mg, Mn, N, Na, 
Ni, P, Pb, S, Ti, V, and Zn, revealed that the elemental contents of lichens at a site were not 
constant throughout the time period covered. There was insufficient data to say whether or not the 
fluctuations were seasonal 

The iichen flora at Hawkeye Lake in N'W Ontario is relatively undisturbed. At High 
Fails, near Sudbury, acidophilic species dominate an impoverished crypotogarruc flora. Many of 
the epiphytic species, for example Parmelia sulcata, now occur only on trees with neutral to basic 
pH bark. At Plastic Lake, south of Dorset, the cryptogamic flora has started to show impact but 
the damage is not as severe as at High Falls. Many of the species at Plastic Lake were stunted, 
discoloured, and eroded. 

Lichen quadrats were established and photographed on 120 trees at the APIOS 
biogeochemistry sites in order to document the lichens growing there. This was done to provide a 
benchmark for future comparisons. It was observed that trees at Hawkeye Lake had apparentlv 
normal epiphytic lichen populations. Epiphytic lichen populations at Plastic Lake were much 
simplified and consisted of only a few species, all of which exhibited discolouration. At High 
Fails, near Sudbury, the epiphytic lichen flora was reduced. 

Weil defined geographic concentration patterns were observed for Fe, Mg, K, X, Pb, and S in 
Cladina. Regional gradients of N, Pb and S concentrations were evident with the highest 
concentrations being found in central and north-central Ontario and the lowest in northern and 
northwestern Ontario. More localized accumulations existed for Fe, Mg, and K, but these were not 
as well defined. The regional distributions illustrated by the lichens agreed with other indirect 
measurements of sulphur deposition. 

Sulphate, nitrate and lead in precipitation appear to be major contributing factors to the 
accumulation of S, N and Pb in C. mitis. Otherwise, the element content of precipitation does not 
appear to be the major factor influencing the accumulation of the bioactive elements in the lichens 
and mosses analvzed. 
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BACKGROUND 



Acidic precipitation has become a topic of world wide interest. It is recognized that lichens 

ZSZ££?£5l effec * ot a,r p , ollut30n and we wondered ,f the ^ cou,d ^-e7t" h 

distribution and relative impact ot acidic precipitation throughout Oniario. 

und.rtaL 1 ! ^ ^^^ ****** of the Environment commissioned CASE Biomanagement to 
52£n?£i mVeSt,g ^ 0n 0t t Q re,atlonshl P ^ween acid precipitation and populations or 

ihe^ntemr^rnnn ^^ ^ 2°? ^^ ** ^^^ ™ l « <* < he instigation, and 
LSr ? SP T t0 P rea P ,tahon chemist*. In addition, it presents a difcuss.on ot 

the relationships among the elemental contents in the lichens and mosses. 

1.1. Terminology 

1.1.1. Acidic Precipitation 

luffial X'™ iTltZt" 'ff 10 P r u ec, P ,,atl0n can be Pleading because it implicitly 
suggests that pH is the only, or at least the most important factor directlv responsible for the 

a^NTr aJ J ^ aPPa L em ,' y re ' a,ed '° W**" *.« h»ve been docuX™ in Eurot 
nrt ,.,?, , °7 r u" 16 ' aSt d6Cade and a half ' If ,he ch «™al compos,t,on of °he 

precipitation is studied, however, it is apparent that it contain* the same compounds as 
uncontaminated ram bu, in very different .mounts and proportions. While acid' "rec pnation 
T£i 3 ^ , d 7 '° T iU ' PhUnC and ™ mC aC,d »"• env,ronmema moa' r e 
mSE££2 compotlndr 6 Pr ° b ' em b ~" °' * ™ - »«*"» * many 

nH „ r .J" 6 P roblems "^ t0 *« deposition of acid precipitation are not due solelv to chances in 
pH or the presence ot sulphur and rutrogen compounds (Krause et al.. 1966). Research ffomaTunS 

mme'als InZs'oT^' 65 "71 ""^ '"^^ ""^ ™ biUtv °' -TaU releaTed from 
Tm K2£eJ mu^ T 50i ' PH ' Ander5son - ™* ^-.eben and Rasmussen. 

ZT^,T S ennchmem 1S exacerbated bv the deposition of particulates or 

ilrhiLT J T " D '" 7"*™ com P° und8 '" tf « »*" « e also potentially .usceuttbta 

■caching bv aciaic deposition LaZertc. !98ot. nt 



I.U. 



Biomonitoring 



Many instrumental studies have documented accumulation patterns of sulphur and 
b,oac ,ve elements in the vic,n,ry of industrial facilities and regions of acid prec° P „a, on L^n 

ZZ^' VCry m V? b ' e damage '° m ° SS and lichen or ^to P'»« comrnunhes in fore 
ecosystems ,n i North America had been related to the deposition of add ram' exceo in areas 
high levels of S0 2 emissions, such as the Sudbury and'wawa areas. 1, now app'ea s ha the 
apparent lack of symptoms may not be an actual lack of impact; rather the degree of 
environmental perturbation was no, in.tiallv sufficient to manifest^ as gros damage 5 to the 
more conspicuous ecosvstem components. Recent evidence from European studfes suggest that fores" 

cte'm s C , " H I" ' S rCatCd ,0 ^^ faCt ° rS ' mClUd ' n S SO2/O3/WX em,ss,ons. 8 chan es ,n "! 

chemistry and long term exposure to acidic precipitation ennched with b.oactive elements and 

ompounds (Fabiszewski 1987; Gartner, 1987; Horst. .987; Kuppers and Blind. 1987 Ma" 

1987; Meyberg el at.. 1987; Legge and Crowther. 1987). lansneia. 

It was during the period of this study thai M., P le die-back' came to be recognized as , 
ton 1 m Canada McLaughlin ,• ,.. 1985), in areas where groundJwelling tSSSS > Kchen 
extob, ed elevated levels of bioactive elements. Thus lichens and mosses. ^peaTv cpphvti 

spec.es, are not only sensitive b.omonMors but they can apparently survive and accumu La e 
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contaminants in areas where long-term exposure to the same contaminants is starting to manifest 
itself on vascular species. 

Tree-dwelling epiphytic lichens obtain the greatest proportion of their elemental 
constituents from air borne particulate matter or dissolved in water as precipitation (Larson, 1987). 
For this reason, lichens provide a good indication of the average' elemental contribution by dry 
and wet atmospheric deposition. It is quite open to question whether lichens derive anv nutriment 
from the support (substrate) at all (Brodo, 1973). However, inorganic minerals and organic 
substances found in, or washed from, the substrate surfaces seem to be of great significance in lichen 
distribution (Brodo, 1973). Lichens are able to take up organic substances and inorganic minerals 
from stem flow and thev are frequentlv concentrated in the vicinity of stem flow tracks (Barkman, 
1958). 

Ground dwelling lichens obtain a portion of their elemental constituents from water in the 
soil, and their composition provides a reliable index of the levels of bioactive elements leached 
from soil minerals. For these reasons, lichens (and mosses) provide a means of easily and rapidlv 
surveying large regions to locate hot spots of bioactive element availabilitv. 

The influence of airborne pollutants is complex and the organisms most at nsk are those 
which are further up the food chain since many toxic materials accumulate along food-webs. Some 
of the first organisms to show changes in their elemental composition are lichens and mosses 
because of their ability to accumulate pollutants and pollutant by-products toxic to other organisms. 
At the same time they are very sensitive to the toxic effects of SCX By selecting a sensitive group 
or species such as lichens and mosses as biomonitors it is possible to detect the bioaccumulation of 
metals or other trace elements, and to mvesngate any possible effects before extensive injury to 
higher plants results. 

Field studies have shown that, in general, lichens and mosses are more susceptible to 
damage from exposure to phytotoxicants such as SO2 than are vascular plants (Ferrv et al., 1973). 
This sensitivity does not appear to be due to any inherent physiological difference but rather to the 
inability of lichens or mosses to avoid' pollutant uptake. It has also been shown that higher 
plants can suffer major biochemical or physiological alterations related to the abilitv of roots to 
take up nutrients in areas where lichens and mosses have been visibly damaged but not totallv 
eradicated. The rationale behind using lichens and mosses as biomonitors of phvtotoxic air 
pollutants is oased on the assumunon that, if the mosses and lichens m an area are not damaged r 
have not accumulated significant amounts of contaminants, then the .ess sensitive higher organisms 
present shouid also be unaffected. 

Work by Case (Case, 1980; Case et al., 1985) and many others (Ferrv et al., 1973; Addison 
and Puckett, 1980; N'ygard and Harju, 1983; to mention only a few) has demonstrated the value oi 
lichens and mosses as early warning biomonitors of trace element deposition. The most reliable 
measures of lichen conditions are community structure, percentage cover, number of species per unit 
area, elemental analyses of tissue, and membrane leakage. Lichens and mosses near a pollution 
source accumulate high concentrations of emitted elements by absorptive and adsorptive processes 
as well as by incorporation of particulate matter into their tissues. The status of these plants can, 
in tum, be related to impacts on other ecosystem components. The level and rate of accumulation are 
related to distance from the source and prevailing wind conditions as well as the specific element or 
compound and its ionic form, exposure, habitat and plant morphology. Mapping lichen and moss 
elemental contents provides a reliable, inexpensive, and practical method for detecting the 
presence of trace contaminants (surveillance) and mapping their deposition (monitoring). It is also 
more sensitive and provides results which are easier to interpret than data from surveys of vascular 
plant elemental contents. 

1.1.3. 'Bioactive' Element Content of Plant Tissue Samples 

The term heavy metal' is not a particularly good one because it has been used bv different 
people to refer to different groups of elements which are usually associated with pollution, but 



-3- 



which often include many non-metallic elements. There has been a movement to replace the term 
heavy metal' with a more biologically and chemically meaningful one, based on the atomic 
properties of the elements and the element ion/ligand complexes (Nieboer and Richardson, 1980). 
The term 'bioactive element' is used in this report instead of 'heavy metal' to refer to elements 
measured in precipitation which have potentially important biochemical and biological 
implications for ecosystems. 

1.2. Reasons for Biomonitoring 

Biomomtonng provides information about the actual responses of organisms to pollutants. 
In contrast, physical measurements, however precise or expensive, still have to be interpreted 
within the context of factors operating within the ecosystems which are so complex that not all the 
variables have yet been identified. 3iomomtonng site locations can be located independentiv of 
power sources during the exposure period which allows much greater flexibility in the placement 
and numoer or sampling sites. This makes them less expensive to establish and maintain than 
instrumented stations. They are also inconspicuous and unlikely to be vandalized. 

Biomomtonng may be employed to see if there are elevated concentrations oi potentiallv 
toxic contaminants in the environment and whether there are any trends in these levels. The 
quantitative data resulting from such surveys may be part of a contaminant budget assessment from 
source (emission) through transmission (dispersion and transformation) to sinks (immission). In 
turn, these data could be linked to studies of the quality of human, animals and plant health, used 
to plan the location of instrumented air quality monitoring stations and to elucidate possible cause 
and effect relationships. 

Biomomtonng may be undertaken to assess the needs for emission controi around mdustnai 
sources or pollution. Monitoring may also be employed in relation to multiple sources to provide 
some understanding of pollutant distribution or to facilitate the development of dispersion models. 
Data from biomomtonng surveys can be used to map the location of pollution sources, or document 
contaminant deposition. More and more, biomonitoring is being undertaken to provide a historical 
record of environment quality and ecosystem composition in relation to recommended objectives or 
standards, and as a basis for environmental impact assessment. 

For example, the author conducted a study of more than 30.(100 individual elemental 
concentration measurements ror more than 600 sampies collected at 120 sites m the vicmirv of the 
(Vorid's largest open pit mine near Fon McMurray, Alberta, ana was able to map the deposit: 
trace elements throughout i region with a 100 km radius Case et at., 1985; Dabbs. 1985). In an 
earlier Norwegian studv (Hanssen et ai.. 1980), samples or Hytocomium svienaens trom 510 
localities were analysed for a large suite of elements which could be related to acid precipitation 
deposition. The trace element concentrations in lichen and moss samples can be calibrated with 
instrumental data and used as a quantitative measure of the deposition oi trace elements. Based on 
the analysis of annual mean volume weighted precipitation chemistry (Table 1), comparisons can 
be made between estimated annual net deposition and the element concentration in lichen and moss 
samples around the precipitation sampling sites. The concentration patterns can be used to map 
patterns and assess the relative contribution to contaminant deposition due to long range transport 
and local point sources. 



Table 1. Depth weighted precipitation chemistry at APIOS monthly cumulative sampling station';. 1981 * 
Source: Kirk. 1983. ARB 10? 83-ARSP APIOS-008/83 



Station 


Al 


Cd 


Ca 


a 


Cu 


Fe 


Pb 


Mg 


Mn 


" Mi" 


P 


K 


Hi 


S()4 


Zn 




mg/L 


mg/L 


mg/L 


mg/L 


mg/L 


mg/L 


mg/L 


mg/L 


mg/L 


mg I 
n noon 


mg/L 


mg/L 


mg/L 


mg/L 


mg/L 


Alvinston 


0.062 


0.00024 


0468 


168 


0.0041 


0.0812 


oo/5 


0.089 


0.0058 


0200 


0.070 


0.061 


396 


0.020 


Attawapiskat 


0.026 


0.00016 


0.471 


0.125 


0.0089 


0.0386 


0044 


0.082 


0.0028 


0014 


0068 


0052 


0056 


1 35 


0.008 


Bear Island 


0.150 


00022 


232 


0.109 


0.0034 


0.1537 


0056 


0.044 


0.0064 


001 t 


0429 


0.062 


0.050 


3 01 


015 


Campbellford 


0.058 


00023 


348 


207 


0054 


0.0620 


0.0078 


0.048 


0037 


o 0006 


0269 


0.055 


0.092 


3 53 


0010 


Colchester 


0.059 


0.00020 


470 


258 


0048 


00751 


0098 


0.110 


00049 


0005 


0216 


0068 


0.091 


540 


014 


Coldwaler 


0.019 


00022 


183 


079 


0021 


0.0346 


0064 


0.015 


00016 


0.0006 


0.0128 


0037 


0.033 


226 


0.008 


Dalhousie Mills 


0.044 


0.00028 


0.341 


198 


0.0050 


0.0660 


0074 


0.042 


0.0038 


o 0O06 


0.0372 


0.058 


0.104 


331 


010 


Dor ion 


0.047 


0.00013 


184 


0.064 


0.0052 


0.0555 


0042 


0.026 


0.0019 


0005 


0240 


0.035 


0.045 


1.69 


0.009 


Dorset 


0.050 


0.00016 


0249 


0.135 


0018 


0.0714 


0.0064 


0.040 


0041 


000/ 


0132 


0.040 


0.049 


3 64 


0.007 


Ear Fairs 


0.041 


0.00013 


144 


0.122 


0066 


0.0470 


0064 


0.063 


00153 


0033 


0502 


0.069 


0.053 


1 20 


0.009 


Exp. Lakes Area 


0.021 


0.00015 


195 


020 


0063 


0.0456 


0052 


0.024 


0.0029 


0005 


0146 


0.020 


0025 


1 84 


0.009 


Golden Lake 


0.018 


0.00023 


0260 


184 


0034 


0.0289 


0076 


0.049 


0.0035 


0005 


0377 


095 


0.075 


3 53 


009 


Gowganda 


0.057 


0.00033 


0.199 


092 


00031 


0.0741 


0.0062 


0.033 


0.0047 


0008 


0751 


0.103 


0.053 


325 


012 


Huron Park 
































Kaladar 


0.029 


0.00010 


0.278 


0.221 


0040 


0.0380 


0084 


0.042 


0.0028 


0006 


0283 


0.072 


0.129 


3 63 


0.00 7 


Killarney 


0.085 


0.00019 


0276 


0.104 


00040 


0.0328 


0069 


0.047 


0.0049 


0.0013 


00143 


0.046 


0.043 


3.67 


013 


Mattawa 


0.094 


0.00023 


0.225 


148 


00027 


0.1016 


0062 


0.038 


0.0049 


00 1 6 


0135 


0.070 


0.069 


3 14 


0.007 


McKellar 


0.057 


00020 


306 


0.191 


0.0049 


0.0735 


0054 


0.060 


0.0046 


0000 


0.0156 


0.084 


0.091 


3 17 


0.011 


Merlin 


0.059 


0.00018 


0.495 


0240 


0038 


0.0689 


0079 


0.114 


0.0038 


0013 


0213 


0.066 


0.091 


4.74 


0.008 


Milton 


0.045 


0.00033 


520 


0.315 


00033 


0.0770 


0144 


0.116 


0.0057 


00007 


0283 


0.057 


0.175 


4.73 


014 


Moonbeam 


0.018 


0.00026 


171 


0.092 


0.0034 


0.0229 


0031 


0.050 


0.0025 


n 0006 


0395 


0.085 


0.043 


1 84 


0.01 1 


Nakina 


0.058 


0.00010 


0.458 


0.120 


0.0053 


0.1148 


0039 


0.090 


0.0075 


o 0005 


0266 


0.064 


0.042 


1.78 


0.010 


Palmerston 


0.050 


0.00025 


0.409 


0.201 


0052 


0.0645 


00079 


0.111 


0.0048 


00 1 1 


0188 


0.062 


0.104 


4.39 


0.016 


Pickle Lake 


0.064 


0.00016 


331 


0.128 


0.0072 


0.0632 


0028 


0.063 


0.0063 


0005 


0.0317 


0.075 


0.055 


1 13 


0.006 


Port Stanley 


0.061 


0.00027 


362 


0.195 


0039 


0.0519 


0082 


0.090 


00050 


0006 


0.0202 


0.045 


0.063 


4 69 


0.01 1 


Quelico Centre 
































Ramsey 


0.076 


00010 


0.214 


0.076 


0035 


0.0692 


0045 


0.033 


0.0045 


0OOP 


0.0163 


0.051 


0.045 


2 25 


0.010 


Shallow Lake 


0.034 


00027 


0.247 


139 


0.0039 


0.0468 


0.0075 


0.051 


0.0029 


o ono / 


0189 


0.037 


0058 


3 46 


0.010 


Smith's Fails 


0.045 


00012- 


0.587 


0.178 


00045 


0.0537 


0078 


0.127 


0.0052 


i) onon 


0386 


0.056 


0.094 


3 43 


0.009 


UxbrkJge 


0.048 


0.00023 


0.504 


0.226 


00048 


0.0614 


0.0082 


0.072 


0.0046 


o 0006 


0200 


0.041 


0.067 


4 29 


0.009 


Waterloo 


0.062 


0.00031 


0558 


229 


0.0055 


00812 


0.0091 


0.154 


0.0065 


0008 


00324 


0.100 


0.094 


382 


0.013 


Whitney 


0.041 


0.00016 


0.145 


0.100 


0.0046 


0.0633 


O052 


0.020 


0.0025 


(100 7 


0207 


0.057 


0.035 


2 85 


008 


Wilberforce 


0.027 


00187 


0205 


0.136 


0.0051 


0.0547 


0108 


0.030 


00039 


0011 


0.0156 


0.126 


0.053 


3 67 


009 


Wilkesport 


0.058 


00031 


0602 


0.275 


00043 


0.0670 


0.0101 


0.095 


0.0058 


n noon 


0.0382 


0.066 


0.077 


5 25 


0.012 



* For most stations, period of record is from Dec 31/80 to Jan 5/82. 
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13. Advantages of Mosses and Lichens as Biological Monitors 

Lichens and mosses were selected as the biomonitors for this study because they have been 
shown to be excellent and nearly continuous collectors of airborne bioactive elements (including 
radionuclides), sulphurous compounds, and some hydrocarbons. In addition, air dried samples of 
lichens and mosses can be archived and chemically analyzed even years later, to provide 
quantitative information about levels of elements in the environment at the time oi sample 
collection. Lichen and moss physiology and ecology are sufficiently well understood that 
conclusions can be drawn about the pollution conditions from observations of the condition and 
chemical content of the organisms. 

Lichens and mosses are naturally occurring species which srow on substrata that do not 
greatly buffer them from the effects ot pollutants and that persist after the death ot the species. 
They also respond quickly to increased pollution emissions, and the sDecies varv in their relative 
pollution tolerance. Except in disturbed areas, lichens and mosses are generally available in 
sufficient quantity that unbiased sampling is possible. 

1.4. Other Roies of Lichens and Mosses 

Quite apart from their value in assessing air quality, lichens and mosses are important 
components of many ecosystems. In addition to their traditional role as pioneers' in soil formation, 
soil retention, and colonization of disturbed habitats, they are important in nitrogen fixation, 
evaporation, and nutrient cvcling. The relationships of these nutrient cvcles to lichen utilization 
by caribou, reindeer, lemmings, birds and many invertebrates, has been documented in Eurooe and 
North America -Crittenden and Kershaw. 1978). 

The extensive moss-lichen mats in Canada's forested regions play an important part in the 
control of regional water balances through their mulching effect on the soil surface (Rouse, 1976). 
By ameliorating soil surface temperatures and reducing evaporative stress, this mat influences 
establishment and survival of vascuiar plant seedlings and is an important factor in natural forest 
regeneration (Kershaw, 1977). 

1.5. Objectives of this Study 

These lichen anc moss studies nad a dual purpose: 

• to develop i modei relating levels of selected chemical parameters in lichens and 
mosses to related parameters in precipitation in Ontario and to assess the modei as 
a method of mapping acidic deposition across the province. 

• to develop a method to monitor changes in lichen and moss populations that could 
be related to acidic deposition or other long-range transport pollutants in Ontario. 
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2. PHOTOMETRIC BENCHMARK 

2.1. Introduction 

The vitality or health of lichens is reflected in their visual appearance. If lichens are 
exposed to toxic levels of airborne contaminants they will, overtime, develop visible symptoms of 
injury including changes in colour, deformation of the thallus. stunted growth, necrosis and changes 
in reproductive status. Associated with the development of such symptoms there is a decrease in 
the production of new tissue and in many instances, eventual disassociation of the thallus and its 
subsequent disappearance. A photometric benchmark was conducted at the BGC sites with 
photographic documentation of the lichen cover in permanent quadrats. The BCC sites are 
watersheds under intense investigation by the Ministry of the Environment, with respect to bio- 
geochemical cycling pathways and transformation processes. 

2.2. Purpose 

The purpose of this project was to photographically document the condition of lichens in 
permanent uniform quadrats, using procedures that would not only allow identification of the 
species present but also accurate measurement of the lichen thalli areas. This would provide a 
benchmark database for comparison with possible future studies. Only if such a database existed 
would it be possible to measure any changes in lichen size, cover, and floristic composition sometime 
in the future. The method employed also provides the lichenologist with a photographic record of 
lichen vitality and visual svmptoms of injury. 

2.3. Methods 

2.3.1. Site Selection and Description 

A series of permanent lichen quadrats were established on trees at each of the BGC studv 
sites. All trees used were free of visible signs of disease or injury, and were not leaning more than 
about 5°. The trees were at least 100 m from gravel roads, at least 50 m from paved roads, and at 
least 50 m from the edge of the forest canopy. The lichen selected tor use was Parmelia sulcata. 

2.3.2. Equipment 

The photographic sampling technique employed in the APICS lichen and moss 
utilized a photographic apparatus developed over a 5 year period bv the author and Mr. D.L. 
Dabbs, of Dabbs Environmental Services. Uniformity of film exposure and magnification was 
maintained by using a shadow box apparatus and microprocessor controlled flash as a light source. 
A camera was mounted in one end of the box and the quadrat was photographed through a hole in 
the other end of the box. 

Hand-holding a camera introduces serious error in the determination of the size of the 
lichen because the film plane is not necessarily parallel to the subject plane. This can introduce 
significant parallax distortion of the recorded images that can amount to one or more orders of 
magnitude greater than the growth of the lichens over a several vear period. 

The apparatus locked the camera to a ngid frame in exactly the same position for everv 
photograph. This was achieved by means of a clamp mount around the lens, set at the correct focal 
length for the depth of the shadow box. Camera bodies could be easilv exchanged in the field to 
take backup pictures without having to remove the lens from the shadow box frame. An electronic 
flash controlled by a microprocessor in the camera provided exactlv the same amount of light for 
each photograph. Tins was calibrated using a uniform grey background. 

A SLR camera and 50 mm lens were used to photograph each quadrat. The corners ol each 10 
x 20 cm quadrat were marked with aluminum nails. The boundaries of the quadrat were 



temporarily outlined during the photography using an elastic white string loop stretched around 
the corner nails. This allowed the scale to be correctly determined for each photograph, since the 
distance between the upper and lower borders was known it would not change significantly due to 
tree growth between resurveys. The method of analysis precisely corrects for any variance in scale. 

Kodachrome film (ASA 25) was used. All film was of the same emulsion number. The film 
was sent to the processing lab by bonded-courier. 

2.33. Quadrat Placement 

Twenty (20) permanent 10 x 20 cm quadrats were established vertically on the dominant 2 or 
3 tree species at each of the BGC study sites. Quadrats were established on the trees over P. sulcata 
thalli so that they were as nearly as possible centred at 1.3 m above the ground on the north-facing 
(0° true north) side of the tree. Quadrat placement was standardized to eliminate as mucn 
variability as possible. The exact placement was marked by aluminum comer nails, as noted above. 

Each tree was marked with an aluminum numbered identification tag attached to the tree 
with aluminum nails directly below the quadrat so that the tag would appear in the photograph. 
The distance and direction of each tree from the preceding one, or some identifiable landmark, was 
recorded. The slides are on deposit in the offices of Ministry of the Environment, Toronto, Ontario. 

2.3.4. Lichen Thallus Measurement 

Cover by P. sulcata thalli in the quadrats was measured using a computerized pianimetrv 
system consisting of a Bausch <5c Lomb HIPAD digitizing tablet interfaced to an Apple™ f 
microcomputer. A darkroom enlarger was used to project a photo image of the quadrat onto the 
digitizing tablet to prevent distortion. (Alternately, enlargement prints from the slide could be 
placed directly on the tablet.) The outline of each lichen thallus was traced on the tablet and its 
area calculated by the microcomputer. By measuring each thallus separately, the loss of 
information due to sloughing of lichen-beanng bark scales in the future is minimized. 

2.3.5. Database Management 

Each thallus traced was assigned a unique identification number and a record was 
maintained oi the site, quadrat, cree species, year, iicnen species and size measurement. Data .very 
archived :n a microcomputer based database. Data could be stored, sorted, retrieved, and rer 
in any required format according to sue, species, eiement. year or any combination rhereor. in 
addition, as plain text (ASCII) files, they could be made available to other micro-, mini- and 
Mainframe computers. 

2.4. Results 

Cover by Parmelia sulcata in the permanent quadrats established at the BGC sites 
provides a benchmark for future comparison but does not represent a time zero situation. The 
thallus measurements of P. sulcata in the quadrats are presented in Appendix B of this report. All 
tiles have been archived pending future photometric survevs. 

2.5. Discussion 

The average lichen thallus of P. sulcata in quadrats photographed at Hawkeve Lake had 
an area of 206 mm2 with some thalli as larcc as 4300 mm-. At Plastic Lake the average size of the 
ukalu thalli was only S2 mm- and the largest thallus was onlv 244? mm-. At High Falls the 
average size of the P. sulcata thalli was still smaller at onlv 47 mm- and they were restricted to 
Populus tree species which have neutral to basic bark pH. The largest P. sulcata thallus 
photographed at High Falls was only 867 mm2. 
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The epiphytic lichen thalli photographed in standardized quadrats at the BGC sites 
showed marked differences in the health at each site. Visual examination of the photographs 
revealed that the lichens at Hawkeye Lake were typically very healthy, had normal coloration 
and in some instances were large and luxuriant. At Plastic Lake the thalli never reached the size of 
those found at Hawkeye Lake. In addition, they were frequently discoloured, taking on a darker 
grey cast and sometimes had bleached or necrotic spots. The P. sulcata thalli at High Falls were 
absent from the coniferous trees and were restricted to the trunks of Populus tremuloides, a tree 
species noted for its neutral to basic bark pH. The- largest P. sulcata thalli found at High Falls 
were much smaller than those at Plastic Lake and Hawkeve Lake. 

The green lichen Bacidia sabuletorum was frequently the dominant lichen in quadrats on 
coniferous trees at Plastic Lake. This species is known to be more tolerant of air pollution and 
eutropfued environments than other species such as P. sulcata. Onlv traces of this species were 
found on coniferous trees at Hawkeve Lake and it was not found on coniferous trees at Hieh Falls. 

2.6. Conclusions 

The photographs of the lichen quadrats have captured information about the relative 
health of the lichens at the BGC study sites. It is apparent that lichens at Hawkeye Lake are 
larger, healthier and more luxuriant than at the other sites. It is concluded that Hawkeye Lake 
had the most pristine environment 

At Plastic Lake the epiphvtic lichens were generally smaller, appeared to be less vigorous 
and was made up iargeiy oi pollution tolerant species, it is concluded that the preponderance H 
Bacidia sabuletorum on trees at Plastic Lake is indicative of a eutrophied environment. 

The greatest impact was apparent at High Falls. There, lichens were almost totally 
absent from trees with acidic bark. Lichens normally found on aadic substrata were found growing 
on the bark of Populus tremuloides trees which have neutral to basic bark pH. It is concluded that 
the bark of the P. tremuloides was able to neutralize what ever acidifying factorls) are making the 
bark of coniferous trees an unsuitable substrate for lichen growth. 

Comoarison oi future photometric survev results with the benchmark database will permit 
monitoring or lichen thailus size to see if condinons are changing at the BGC studv sites. 
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3. A COMPARISON OF GRINDING METHODS 

3.1. Introduction 

An experiment was conducted to compare analysis results obtained from sample replicates 
ground in a Wiley mill with those ground under liquid nitrogen. 

3.2. Purpose 

The purpose of the grinding method comparison was to determine if these two methods of 
sample preparation would result in significant differences in the elemental analysis results. 

3.3. Methods 

A separate set of samples was collected during the lichen and moss survey for use in the 
comparison of grinding methods. One set of sample replicates were ground with a Wilev mill and 
another set were ground under liquid nitrogen in a chilled mortar and pestle. The miil was deaned 
between each sample and plastic gloves were worn at ail times when handling the samples. The 
sample jars were clearly labeled with a unique sample number on both the jar and the lid. Samples 
were submitted to the Ontario Ministry of the Environment laboratory in Toronto for concentration 
measurements. 

3.4. Results 

The results or the grinding method comparison are presented in Table 2. These results are 
tor a separate subset of samples used only for the grinding experiment and were not part oi the 
Province wide survey of lichen and moss elemental content. The data in Table 2 are not included in 
Appendix A. In both Cladina rangifenna and Pleurozium schreberi, the variation- in elemental 
content between replicates was quite high, as indicated by the standard error values. There was 
considerable variation in elemental content, not only between between replicates oi the same 
species, but also between different species. Tne methods employed to determine Cd, C. Mo and S 
content were apparently not sufficiently sensitive to reveal the variation of these elements. The 
age ' '■■■ "ontcnt r T. mitis and P i gher .n ^arnpses ^rouno with a Wilev Tiiil 

ban in imple "cpiicates rrnuna in liquid nitrogen with mortar in i p< stle r ill other _ v iem 
'here was no significant difference between the methods Tab! 

3.5. Discussion of Grinding Method Comparison 

Student's f-test and the F-test were used to test the null hypothesis that there was no 
difference between the average elemental content measured in replicates ground in a Wilev mill 
and those ground under liquid nitrogen (Ho: ul - u2 = 0), against the alternate hypothesis that the 
grinding method used made a difference (Ha: p.1 * jx2) (Table 3). 

The observed t and F values indicate that for most elements, the choice oi grinding method 
had no significant effect on elemental measurements obtained. However, in the case oi \i. there 
were sismiricant differences round for Cladina rangifenna. When the corresponding r and F values 
are examined for Pleurozium schreberi it is noted that the differences in N*i values obtained usine; 
the different grinding methods is nearly significant. The \a values obtained for P. schreberi were 
ificantly affected bv the grinding method used. 
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3.6. Conclusions 

The results of the grinding comparison conducted in this study seem to belie many of the 
concerns regarding the appropriateness of grinding the cryptogamic vegetation samples with Wiley 
mills using stainless steel blades, given the precision analytical methods used for elemental 
analysis. It was found, however, that the Ni contents of Cladina rangiferina samples were 
affected by grinding method. This is interpreted as being the result of Ni containing stainless steel 
shavings being introduced into the sample. 
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Table 3. t-test and F-test values obtained from a comparison of elemental contents measured in moss 
(Pleurozium schreberi) and lichen (Cladina rangiferina) ground in a Wiley mill or under liquid 
nitrogen with a mortar and pestle. 



Pleurozium schreberi 

f-test t F-tesr++ 



Cladina rangiferina 
Mest % F-testJJ 



Al 


-0.435 


0.190 


0.732 


0336 


Ca 


-0.280 


0.079 


-0.362 


0.131 


Cd 


0.530 


0.281 


0.152 


0.023 


CI 


0378 


0.143 


• 


• 


Cu 


-0.400 


0.160 


0.135 


0.018 


Fe 


-0.340 


0.001 


1.284 


1.650 


K 


0.777 


0.603 


0325 


0.105 


Mg 


-0.685 


0.469 


0.619 


0383 


Mn 


-0.375 


0.141 


-0.373 


0.139 


Mo 


1.000 


1.000 


• 


• 


N 


-0.201 


0.040 


0.474 


0225 


Na 


-3.138 


9.846 


-1.43 


2.045 


Ni 


2.46 


6.05 


3.820 


14.593 


P 


-0.147 


0.022 


-0.306 


0.093 


Pb 


-0.188 


0.035 


1.685 


2338 


S 


0.373 


0.139 


1.412 


1.993 


Zn 


-0.143 


0.020 


-0.275 


0.076 



1 a = 0.0?, two-tailed, DF = 4. critical value = 3.182 
+i ui = 1, u2 = 4, a = 0.1)3. F().05 = 7T\ 
t a a 0.05, two-tailed, DF = 4, critical value = 2.36^ 
tt u,] = 1, U2 = 8, a = 0.05, Fq.05 = 5.32 
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4. SURVEY OF LICHEN AND MOSS ELEMENTAL CONTENT 

4.1. Introduction 

chemicallv analysed to measure The leveb of 5 lr^ Pg '"'T " ° n ' ana ^ were 
elemental accumulation in CladinamliXL'™ ^"^ Geo S ra P h '«l patterns of 

determine >f anv relanonsh.o exists Cween^h P ™ T Se " erate<1 The data Were analvsed '° 
parameters ,n P'eaptetioJ aT^K^Z? 'a™' 6 ? '" ,he sam P les - »«* the same 
these spec.es were no, sampled; othe^cfe ~i,« edT^d ^ /Waiden and W in,sk, 
sped collections ,n Appendix A, which^resents V££. ^^Z^^^" " 



Purpose 



sampting locations were determined in consul! I u- "^'^ " Umfaer <"' 5amc,les ""d 
but were not necessarily restrSed to the AHM Ac Jp M, ™ Stenal s,a "- Th «e sues included. 
and even, preoption sampling Ses AU ^nt, PreC ' P '' anon in ° nta "° Study) cumulattve 
Ministry who m mm subm.ttej fhem'o XS Z<7 ^T? '° a Ua,SOn ° fficer °< ^ 
Results of the chemical analyses ^TZ^ZT^T^ITZ " ChenUCai -** 

^^^SKaass an attempt - vas <° - — - 

samples, and related preemption chenuYtnlL^l , parameters m lichen and moss 

The parameter, to be used for the r^^ £^™*" l *™« Sltes throu g^ut Ontano. 
the Ministry Uarson Officer in consultation JS^ZSST " "^ dete ™ ned ^ 

4-3. Baseline Bioaccumulation Sampling Methods 

These methods are included in the OME firtH c a ™«i,„ 

me uiwt held sampling procedures manual (OME, 1985). 

1-3.1. Site Selection and Description 

^S^tSC^S;^^ ■« -re coile. 
These sues were located as closelv as po s,h ! nAP^ °J " Cnen and moss ia ™ies. 

monitoring stations ,n order to facLlte comoir, on „/ eVem and ™i"ul,B»e precp.tahon 
moss elemental composition. comparison o, precipitation chemistry w,,h lichen and 

sign of ^^^'p^^^Xt^^t m S a >~& — a ">' 
canopy. m ' r0m P aved roads - a "d at least 50 m from the edge ot the forest 

photos are on dcoos,, at the of fee 7c TtteSZ o V ^'^ *• Paraphs. TV air 
Branch. Phytotox.cology Section, 4 oay^trOntoSo ^ EnV ' r( " A * K — 
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Figure 1. Sampling sites in Ontario. 
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Table 4. Sample collection site information. 

1. Abitibi Canyon, Cochrane District. Habitat: coniferous woods. Elev. 230 m ASL. 
Latitude: 49° 53'N, Longitude: 81° 34'W. 

2. Algonquin Park Boundary, 5 km N on Hwy 630. Habitat: Jack Pine woods on sand. 
Elev. 198 m ASL. Latitude: 46° 10'N, Longitude: 78° 55'W. 

3. Attawapiskat, East shore of James Bav. Habitat: tundra. Elev. 3 m ASL. Latitude: 
52° 56'N, Longitude: 32° 24"W. 

4. Bear Island, Lake Tamagami. Habitat: Mixed woods. Elev. 305 m ASL. Latitude: 
46° 58'N, Longitude: 80° 01 'W. 

5. Bond Tract, Agreement forest near Gait. Habitat: coniferous woods. Elev. 300 m ASL. 
Latitude: 43° 25'N, Longitude: 30° 20'W. 

6. 3onnechere Caves, Round L. 20 km SW of Pembrook. Habitat: coniferous woods. 
Elev. 200 m ASL. Latitude: 45° 30'N, Longitude: 77° 05'W. 

Capreol, 15 km N of Sudburv. Habitat: coniferous woods. Elev. 300 m ASL. Latitude- 
46° 48'N, Longitude: 80° 52'W. 

8. Clarendon, Hwy 509, 10 km N of Hwv 7. Habitat: mixed woods. Elev. 200 m ASL. 
Latitude: 44° 55'N, Longitude: 76° 40'W. 

9. Oalhousie Mills, SE Ontario. Habitat: Sumac grasslands. Elev. 69 m ASL. Latitude 
45° 25'N, Longitude: 74° 30'W. 

10. Dorion, NW Ontario. Habitat: Boreal forest. Elev. 244 m ASL. Latitude: 48° 48'N 
Longitude: 88° 33'W. 

11. Dummer, 6 km N Hwy 7, 3 km E Norwood. Habitat: coniferous woods. Elev. 200 m 
ASL. Latitude: 44° 25'N. Longitude: 77° 58'W. 

!2. Ear Falls. NW Ontario. Habitat: boreal rorest. Elev. 350 m ASL. Latitude: 30° 38'N 

Longitude: 93° 13'W. 
13 Elgin, 2 km E of townsite. Habitat: Laurentian rorest. Eiev. 200 m ASL. Latitude: 44° 

40'N, Longitude: 76° 15'W. 

14. Ely, Minnesota. Habitat: Mixed woods. Elev. 200 m ASL. Latitude: 47° 58'N 
Longitude: 91° 58'W. 

15. Estaire, near Jet Hwys 69 and 637. Habitat: com terous woods on shield. Elev. 200 m 
.ASL. Latitude: 46° 15'N. Longitude: 30° 47W. 

16. Eva Lake, NW Ontario. Habitat: boreai rorest. Elev. 230 m ASL. Latitude- 48 : 
45'N. Longitude: 91° 10'W. 

Experimental Lakes Area, 12 ^m Z5E >f Kenora. Habitat: coniferous ■■\-oo^±; recent 
bum. Eiev. '.22 mASL Latitude: - ;) ° :o 'N. Longitude: ^3* 43'W. 
Forbes, 10 km \NW or Thunder Bay Habitat: coniferous woods. Eiev. 324 m ' 
Latitude: 48° 41'.\. Longitude: S9° 40" W. 

19. Gowganda, 40 Km N ot Sudburv. Habitat: coniferous wooas. Elev. 300 m ASL 
Latitude: 47° 40'N, Longitude: 80° 47W. 

20. Hawkeye Lake, 20 Km NW of Thunder Bav. Habitat: coniferous woods. Elev. 2S0 m 
ASL. Latitude: 48° 39'N, Longitude: 89° 28*W. 

21. High Falls, 18 km SW of Sudbury. Habitat: mixed woods. Elev. 250 m ASL. 
Latitude: 46° 23'N, Longitude: 81° 32' W. 

22. Kaladar, Hwy 41, 1 km S Hwy 7. Habitat: coniferous woods. Elev. 200 m ASL. 
Latitude: 44° 51'N, Longitude: 77° 09'W. 

23. Kanata. 10 km N of Pukaskwa Nat'l Park. Habitat: coniferous woods. Elev. 200 m 
ASL. Latitude: 45° 25'N. Longitude: 75° 25'W. 

24. Killarney, 30 km SW oi Sudburv. Habitat: coniferous woods. Elev. 200 m ASL 
Latitude: 46° 07N, Longitude: 81° 05'W. 

Lac La Croix. W edge of Quetico Prov Park. Habitat: coniferous woods. Elev 200 m 

ASL. Latitude: 48° 25'N, Longitude: 92° 05'W. 
26. Lively-Walden, 15 km SW of Sudburv. Habitat: coniferous woods. Elev. 200 m ASL. 

Latitude: 46° 25'N, Lomritude: ST 10'W. 

Mamtoulin bland. 10 km \ ot South Baymouth. Habitat- deciduous woods. 

200 m ASL. Latitude: 4? 38'N, Longitude: S2 : 03'VV. 
28. Mattawa, 10 km E on Hwy 17. Habitat: coniferous woods on shield. Elev. 200 m ASL. 

Latitude: 46° 20'N, Longitude: 78° 30'W. 
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Table4. continued... 

29. McKellar, 5 km W of Hwy 124. Habitat: coniferous woods. Elev. 200 m ASL. 
Latitude: 45° 30'N, Longitude: 79° 55*W. 

30. Moore Falls, near Coboconk. Habitat: coniferous woods. Elev. 200 m ASL. Latitude: 
44° 50'N, Longitude: 78° 50'W. 

31. Nakina, near OPP station. Habitat: coniferous woods. Elev. 320 m ASL. Latitude: 
50° ll'N, Longitude: 86° 43' W. 

32. Pickle Lake, 400 km NNW of Thunder Bay. Habitat: coniferous woods. Elev. 200 m 
ASL. Latitude: 51° 28'N, Longitude: 90° ll'W. 

33. Pickwick Lake, 65 km NNE of Fort Francis. Habitat: coniferous woods. Elev. 200 m 
ASL. Latitude: 49° 01 'N. Longitude: 93° 01 'W. 

34. Plastic Lake. 8 km S of Dorset. 4 km E Hwv. Habitat: coniferous woods on shield. 
Elev. 200 m ASL. Latitude: 45° 10'N, Longitude: 78° 50'W. 

35. Port Severn, 2 km W on Hwy 5. Habitat: coniferous woods. Elev. 200 m ASL. 
Latitude: 44° 40'N, Longitude: 79° 45*W. 

36. Pukaskwa, 60 km SW of White River. Habitat: coniferous woods. Elev. 200 m ASL. 
Latitude: 48° 30' N, Longitude 85° 45' W. 

37. Ramsey, 1.5 km E of Ramsey. Habitat: Jack Pine-Poplar woods. Elev. 200 m ASL. 
Latitude: 47° 26*N, Longitude: 82° 20'W. 

38. Remi Lake, 10 km N of Moonbeam. Habitat: mixed woods. Elev. 200 m ASL. 
Latitude: 49° 20'N, Longitude: 82° 10'W. 

39. Sauble Falls. Bruce Peninsula. Habitat: coniferous woods. Elev. 150 m ASL. 
Latitude: 44° 50'N. Longitude: 31° 15'W. 

40. Sault St. Marie, Batchawana Bav. Habitat: coniferous woods. Elev. 190 m ASL. 
Latitude: 46° 55'N, Longitude: 34° 35'W. 

41. Smokey Falls, Mattagami River. Habitat: coniferous woods. Elev. 200 m ASL. 
Latitude: 50° 20'N, Longitude: 82° 00'VV. 

42. White River, on Hwy 17, NE of Pukaskwa Park. Habitat: coniferous woods. Elev. 
200 m ASL. Latitude:' 48° 40'N, Longitude: 85° 20' W. 

43. Whitney, S of Algonquin Park. Habitat: coniferous woods. Elev. 412 m ASL. 
Latitude: 45° 28'N. Longitude: 78° 16'W. 

44. Winisk, Polar Bear Provincial Park. Habitat: Tundra. Elev. 50 m .ASL. Latitude: 55" 
20'N. Longitude: 35° !5'W. 



4.3.2. Sampling Procedure 

At each site 2-3 composite bulk samples of each of the following species were collected 
where available: 

*Cladina mitis (ground lichen) 

'Cladina ran$iferina (ground lichen) 

iCladina stellaris ■ ground lichen) 

fEvernia mesomorpha (epiphytic lichen' 

iHypogvmnia physodes (epiphytic lichen) 

tParmelia sulcata (epiphytic lichen' 

*Pleurozium schreberi (feather moss) 

iStereocaulon (ground lichen) 

fTomenthuvnum imoss' 

survey species 
+ special interest or only species present 
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Bulk lichen and moss samples of approximately 200 g each were collected into 1 litre white 
paper bags. Intra-site variability was minimized by combining samples from 15-20 separate 
colonies within a 30 m radius. These samples were combined to reduce the likelihood of obtaining 
biased data from a single anomalous sample and to provide an average' value for elemental 
content. This procedure provides a reliable average' value but no information about the range or 
standard deviation of values from colony to colony within a site. 

Samples to be analyzed were collected by hand and extraordinary precautions were 
employed to prevent contamination by perspiration, insect repellents, etc. Precautionary measures 
included the wearing of plastic examination gloves. If the moss or lichen had to be scraped from 
bark or rock, they were removed with fingers or a Teflon stir rod rather than a knife. Samples were 
cleaned in the field to remove litter, soil, insects and accompanying cryptogamic species. The 
sample bags were folded over, stapled shut and labeled with site number, name, date, SDecies. and 
substratum notes. 



4.3.3. Sample Preparation 

Two factors can alter the elemental content of samples, during or following collection, prior 
to analysis. First, a sample may be contaminated by the accidental incorporation or addition of 
extraneous substances; care must be taken to ensure that leaves, bark, twigs, insects or soil are not 
present in the samples. Second, elemental composition can be altered by microbial activity. 
Bacterial and fungal activity can be reduced by air drying the lichen and moss samples as quickly 
and as soon as possible. 



4.3.3.1. Sample Preservation 

The samples were kept in double plastic bags until they could be dried, in order to reduce 
the probability of contamination. They were refrigerated, but not frozen, as soon as possible after 
collection to minimize microbial activity. Before drying, they were cleaned a second time, if 
necessary, to remove any remaining litter or contammanng species. Cleaned samples were placed in 
open, labeled white paper bags and dried in a rorced air oven for 24-48 hours at 80°C berore 
analvsis. 



4.3.3.2. Grinding Method 

Dried tissue was ground to pass through a i mm screen .40 mesh; and was collected :n glass 
jars with plastic or pulp-lined lids. Grinding was done pnmanlv with a stainless steel Wilev mill 
fitted with appropriate screens. This method was selected only after it had been shown that this 
method compared very well with the more rime consuming method of grinding under liquid nitrogen 
in a chilled mortar and pestle (Section 3). The mill was cleaned between each sample and plastic 
gloves were worn at all times when handling the samples. Each sample jar was clearly labeled 
with a unique sample number on both the jar and the lid. 

Samples were submitted to the Ontario Ministry of the Environment laboratorv in Toronto 
for concentration measurements of the following 19 elements: Al. Ca, Cd. CI. Cr, Cu, Fe. K. Mg, Mn. 
N, Na, Ni, P, Pb. S, Ti, V. and Zn. 



4.3.4. Data Management 

Chemical data had to be kcvcd in from OME hardcopv lab reports and verified manually. 
Data were validated by plotting QC plots. Gross outliers were flawed md were n »t includ 
analysis but are reported for completeness. Validated chemical analysis results data were stor 
on a microcomputer system. 
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Use of a microcomputer based data storage system provided analytical flexibility. Data 
could be sorted, retrieved and reported according to site, habitat, locality, latitude, longitude, 
species, element, sampling date, or any combination of these factors. Extracted data could be passed 
directly, without format conversion, to statistical analysis, plotting, and mapping programs or 
other computer systems via conventional long distance telephone lines or direct connection. 

4.3.5. Data Analysis 

4.3.5.1. Descriptive Statistics 

The average, minimum, maximum and standard deviation of concentrations or each element 
in each species at each site was generated. Comparative bar charts were prepared showing the 
elemental contents of Cladina mitis from 3GC sites according to date. 

4.3.5.2. Comparative Statistics 

The first step in trying to find and measure any relationships between the elemental 
contents of the lichen or moss samples and the available precipitation chemistrv data (Kirk, 1983; 
Chan et al., 1984) was to conduct correlation tests. Correlation coefficients were calculated for all 
possible combinations of elements for all the vegetation types. Scatterplots were prepared 
comparing element contents of Cladina mitis. C. rangiferina and Pleurozium schreberi. 

4.3.6. Computer Mapping 

Data tables provide a means of presenting the raw results or chemical determinations along 
with some limited descriptive statistical summaries. However, large data tables of variables and 
species are not conducive to data interpretation, understanding relationships between contaminant 
deposition and bioaccumulation, or to the visualization of geographic variability of elemental 
content throughout Ontario. The generation of computer contour, flpps was chosen as a more suitable 
method of showing element concentration patterns. 

SURFACE II and DISSPLA were the commercially available mapping software packages 
used to prepare elemental content contour and isopach maps from the element concentration data. 
SURFACE il and DISSPLA .sere both -unninu under vluitics on a Honevwen iviainrraime -: The 
University of Calgary, 

XYZ data tiies were prepared giving tne north-south (Y) and east-west (X) location or :.ne 
sampling site, along with the vaiue of the parameter (Z) measured at the site. Site locations were 
coded as absolute horizontal and vertical distances in centimetres from the lower left-hand corner 
of a reference base map. If more than one measurement existed for the parameter at the same site, 
all XYZ records were used and an averaged value was calculated in the next step. 

The XYZ data files contained values for "irregularly spaced" sites. A distance-weighted 
gridding procedure was used to create a regular grid matrix by interpolation from the irregulariv 
spaced data. Grid elements were estimated by a distance weighted average of nearbv sample data 
points. Sample data points used in the estimation procedure were weighted so their influence 
declines with distance from the point being estimated"''. Such local fit procedures are generally 
considered to be the most appropriate for estimating points on a complex surface (Sampson. 1978 
They are based on the intuitively appealing concept that a nearbv observation is a better estimate 
of the vaiue at a point on a surface than a more distant point, and that a small number or the 



w= n-(D/i.rD max ^)/(D/i.rD mjx ) : 

where w is the weight attached to a sample data point a distance D iptd the grid intersection 
being estimated. D max is the distance rrom the grid intersection to the most distant sample point in 
the set being used in the estimation. 
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nearest points provide essentially all of the information that is relevant in an estimate. 
A typical set of steps for creating a contour map are summarized below: 



xvz data 



geopolitical 
data 



I 



Grid matrix 



Site locations 



Thread 
Contours 



Basemap 



CONTOUR 
MAP 



3ase maps were prepared on the basis of digitized maps to show the location of the 
sampling sites and relevant geopolitical information such provincial boundaries and maior 
ivateroodies. 

fhe final contour maps incorporate both the base map information and the contours. Thev 
were used for visual comparison with those produced from cumulative precipitation sample 
chemical content and deposition data (Kirk, 1983; Chan et ai, 1984). Some three dimensional (3D) 
figures of geographic patterns in lichen element content in Ontario, are included in this report since 
they present the same information as the contour maps, but in a format which can present complex 
information in a very easy grasp format. 



4.4. 



Results 



The results of all the chemical analyses are presented in Appendix A. Summaries of 
elemental contents for Cladina mitis, C. mngiferina, and Pleurozium schreben samples at or near 
APIOS monitoring sites are presented below, along with descriptive statistics. Mass concentrations 
of elements in lichen and moss samples showed considerable geographic variation which could be 
related to the proximity of power plants, smelters, other emission sources oi trace elements in the 
Province of Ontario and local substrate effects (see discussion ot seasonal variability. Section 5.6). 

[Vpicai expected elemental contents of circumboreal lichens and mosses, accordii 
published reports in the scientific literature, are provided for comparative purposes. Geographical 
patterns of elemental accumulation by C. mitis in Ontario are illustrated by means oi three 
dimensional (3D) figures. 
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Correlation coefficients for each possible pair of elements found in C. mitis, C. rangiferina 
and P. schreberi are presented in Tables 5, 6, and 7. Very significant correlations were found 
consistently for certain pairs of elements in all species. Examination of these tables of correlation 
coefficients reveals that several elements seem to travel together. For example, in the vicinity of 
smelters and areas with similar surficial geology, Cu contents are excellent predictors of Ni contents 
in all three species. 



4.4.1. Aluminum <A1) 

Al has been reported to be carcinogenic but to have a low degree of inherent toxicity (CGL, 1978). 
Recently, high levels of Al have been found in the brain tissue of human and animals with 
Altzheimer s and Altzheimer-like diseases. As yet. it is not known whether the high levels of Al 
are a symptom or are related to the cause of the disorder. 

Expected Al content in lichen and moss: 200-540 Ug/g dry weight (Tuorrunen it laakkola, 
1973; Nieboer et al., 1978; Bosserman and Hagner. 1981; Case, 1982). 

Observed to date: 310-4300 Ug/g with an average content of 794 ug/g (standard deviation = 
696 |ig/g) in Cladina mitis; 285-2900 ug/g with an average content of 596 ug/g (standard 
deviation = 52657) in C. rangiferina; and 456-2770 Ug/g with an average content of 1014 
Ug/g (standard deviation = 622.14) in Pleurozium schreberi. The higher average content 
of Al in P. schreberi suggests a higher content of soil in the moss samples, even after 
careiui cleaning. There is a significant correlation between Al and Cr, Fe Ti. ana V 
concentranons in Cadina spp. and P. schreoen Tabies 5. 6 and 7). 

The geographic pattern for Al content in C. mz'hs is illustrated in Figure 2. Al contents of C. mitis 
showed some similarity with average concentrations in precipitation in the same area (Chan etal., 
1984), however, the very high levels of Al found in C. mirz's samples from SE Ontario are not 
reflected in these precipitation data. Since Al is associated with airborne dust and soil, it is likelv 
that the Al content of the lichen and moss samples is principally determined bv wind blown dust 
and run-off water. Any contribution due to Al in precipitation is obscured. Al contents oi Z. 
'::r:.-rerina and P. schreberi were similar to those of C. mitis (Figures 3 and 4) 



4.4.2. Arsenic \.\s) 

Arsenic is highly toxic and teratogenic, it has also been reported to be carcinogenic ;CGL, I 

Expected As content in lichen and moss: 0.1-1.15 ug/g (dry weight). (LeBlanc et al.. 1974: 
Steinnes, 1977). 

Observed to date: 0.30-2.18 ug/g with an average content of 0.36 Ug/g (standard deviation = 
0.31) in C. rangiferina and 0.30 Ug/g (standard deviation = 0.51) in P. schreberi. There 
were too few measurements of As to permit reliable mapping or the identification oi 
regional trends. The data available fall within the range measured in C. ranpftyir..:. 
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Figure 2. Geographic pattern ot Al content in C. mihs 
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Figure 3. Al contents of C. rangifenna and C. mitis collected at the same sites. 
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Figure 4. Al contents or C. 'runs and P. schreoeri coilectea at tne same sites. 
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Figure 5. Geographic pattern or' Cd content in C mitts. 
4.4.3. Cadmium (Cd) 

Cd is highly carcinogenic, mutagenic, clastogenic, and teratogenic (Sawicki. 1978). It is moderatolv 

toxic to mammals and highly toxic to vegetation (CCL. 1978; Nieboer c: at., !°~~' Exposure I 

causes changes in the distribution and metabolism or Zn. 
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Observed to date: 0.15-0.60 ug/g with an average content of 029 |i.g/g (standard deviation = 
0.1) in C. mitis; 0.14-0.60 |ig/g with an average of 030 jig/g (standard deviation ■ 0.1) 
in C. rangiferina; and 0.30-13 ug/g with an average of 0.61 Jig/g (standard deviation = 
027) in P. schreberi. 

The geographic pattern of Cd content in C. mitis is illustrated in Figure 5. Cd levels in C. mitis 
were somewhat similar to C. rangiferina, but not correlated with P. schreberi (Figures 6 and 7). 
Elevated leveis oi Cd in the lichen samples occurred in regions which had precipitation with 
higher average annual concentrations of Cd (Chan et aL, 1984). Studies (Qooschenko et al.. 1988; 
MNR, 1987a, b) have reported Cd accumulation in liver and kidney oi moose and deer in areas 
which had elevated levels in C. mitis. 
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Figure 6. Cd contents of C. rangiferina and C. rmris collected at the same sites. 
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Figure 7. Cd contents of C. mitis and P. schreberi collected at the same sites 
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Figure 8. Ceograpnic pattern or Ca concent m _'. mitis. 



4.4.4. Calcium (Ca) 



Expected Ca content in lichen and moss: 200-40,000 ug/g (dry weight) (Scotter, 1972; 
Kuziel, 1973; Kovacs-Lang & Verseghv, 1974; Nieboer et ai, 1978; Bosserman and 
Hagner. 1981; Case. 1982). 

Observed to date: 250-2640 Ug/g with an average content >f 966 nz. e standard deviat 
->!4) in C. mitis; >46 ■ .■_:.■ g with an average >f " )32 ig, .; standard deviation = 64 •• 
in C. rangtferina; and 208 Lg/g ivith an average >f 5094 y.g g >tari i 

deviation = 3284) ;n P. sckre&en. 

The geographic pattern of Ca content in C. rm'rzs is illustrated in Figure 3. The Ca content of C. 
mitis showed little similarity with that of average annual Ca content or annual deposition due to 
precipitation (Kirk, 1983; Chan et ai, 1984). 

Ca levels in C. mitis were significantly correlated with those of C. rangiferina (Figure 9), and to a 
lesser extent, with those of P. schreberi (Figure 10). 



-28- 





y a .653k ♦ 361.387, R-squ«r«d: .463 




3500- 
3000^ 


■ . ■ ... 






o 






■3-2500. 
I 

|»200oJ 
O 1500. 

10 

O 

1000- 















500- 

















C 


250 500 750 1000 1250 1500 1750 2000 2250 
Ca [C. mitis| 


2500 275C 



Figure 9. Ca contents of C. rangiferina and C. miizs collected at the same sites. 
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Figure 10 Ca contents ot C. mitis and P. schreoeri collected at the same sites. 

4.4.5. Chlorine (CD 

Expected Q content in lichen and moss: unknown. 

Observed to date: 0.01-0.03 % with an average content of 0.01 % (standard deviation = 0) in 
C. mitis; 0.01-0.06 % with an average of 0.01 % I standard deviation = 0) in C. 
rangiferina; and 0.01-0.04 % with an average of 0.01 % ^standard deviation = 0) in P. 
schreberi. 

The method used to determine the sample CI content was not sufficiently sensitive. As a result, 
many of the results were near the detection limit. No meaningful concentration pattern ror CI could 
be prepared. The data available did not suggest any relationship between the contents of CI in C 
mitis, C. rangiferina (Figure 11) and P. schreberi (Figure 12). 
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Figure 11. CI contents of C. rangirenna and C. mitis collected at the same sites. 
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Figure 12. CI contents or C. rmtis ^nu i -cnrercr: coilectea at the same mc 



4.4.6. Chromium (Cr) 

Cr is highly carcinogenic and mutagenic (Sawicki, 197S). Acute and chronic adverse effects are 
caused mainly by hexavalent compounds which are very toxic. Inhalation of hexavalent Cr 
compounds has been linked to the development of bronchial carcinomas and adenocarcinomas. 

Expected Cr content in lichen and moss: 0.0-10 ug/g (dry weight) (Leroy & Koksov. 1962: 
Tomassini, 1976; N'ieboer ei al., 1978; Bosserman and Hagner, 1981: Case. 1982V 

Observed to date: 0.90-6.00 Ug/g with an average content or 1.86 Ug/g standard deviation = 
0.99) in C. mitis; 0.90-11.00 ug/g with an average oi 2. OS ug/g (standard deviation = 
1.01) in C. rangitcrina: and 1.0-6.5 ug/g with an average of 3.58 ug/g (standard 
deviation = 1.40) in P. schreberi . 

The geography pattern oi Cr content in C. milts is shown in Figure 13. rhc regi 
high concentration centred around Pcterborough-Campbellford is the result ol several high values. 
The elevated levels of Cr detected may be a function of increased densities oi urbanization and 
industrialization. Elevated Cr levels were not detected in mining and smelting areas. The Cr 
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contents of C. rangiferina showed some similarity to those of C. mitis (Figure 14), however, the Cr 
contents of P. schreberi were not correlated with those of G mitis. 




Figure 13. Geographic pattern of Cr content in C. mitis. 
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Figure 14. Cr contents of C. rangirenw and C. mitis collected at the same sites. 

4.4.7. Copper (Cu) 

Cu is carcinogenic and mutagenic (Sawicki. 1978). It is hichlv toxic to vegetation but onlv somcwh.it 
toxic to mammals (CCL, 1978; Nieboer ct ui. 1977). 

Expected Cu content in lichen and moss: <1-15 |ig/g (dry weight) (Stemnes, 197" Nieboer ct 
al., 1978; Bosserman and Hagner, 1981; Case, 1982; Martin & Coughtrey, 1982). 
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Figure 16. C_u contents ot C. rangiferina and C. mins collected at tne same sites. 





80 

70 


y ■ 2.797x 


1.543, R-«quar«d: 


.859 















Ox*"^ 




















60 












1 


50 


• 










u 
0. 


40 




.^0 








3 


30 
20 


JITQ 












I 


9^^^ 















•: 5 • 3 


CU ;C TlllISi 


20 22 


: :5 :r 


! 



Figure I/. L.u contents ot C. .tikis and P. scr.receri coiiectea at tne same site*. 

4.4.8. Iron (Fe) 

Fe is reported to be carcinogenic and co-carcinogenic (Sawicki, 1978) but has a low degree of inherent 
toxicity (CGL, 1978). In some cases, the level of Fe found in the samples collected was more than 
four times the maximum allowable for government registered complete feeds (i.e., 750 u.g/g). 

Expected Fe content in lichen and moss: 50-1600 u.g/g (dry weight) (Steinnes, 1977; Nieboer 
et d., 1978; Bosserman and Hagner, 1981; Case, 1982; Martin & Coughtrey, 1982). 

Observed to date: 330-3640 u.g/g with an average content of 981.87 ug/g (standard 
deviation = 706.7) in C. mitis 1 , 317-4180 |ig/g with an average oi 864 Hg/g 'standard 
deviation = 741.3) in C. rangiferina; and 475-3276 ug/g with an average of 1361 
(standard deviation = 766.37) in P. schreberi. 

graphic pattern of Fc content in C. mitis is shown in Figure IS. Analysis results for C •'•::: 
revealed a region of highly elevated Fo accumulation associated with the Peterborc 

Campbcllford region of SE Ontario. Two secondary regions of Fe accumulation were revealed in the 
Sudbury and Donon regions. Fe content of the Cladina species were well correlated (Figure 19) but 
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P. schreberi Fe contents were not correlated with that of C. mitis (Figure 20). The concentration 
pattern of Fe contents of C. mitis show some similarity with Fe concentration of acidic 
precipitation (Chan, 1984). As in the case of precipitation (Kirk, 1983; Chan et al., 1984), Fe levels 
in C. mitis are elevated in the vicinity of Nakina, Mattawa and throughout extreme SE and S 
Ontario, and in NE Ontario, downwind of the Sudbury region. 

Fe compounds are greatly involved in the behaviour of some macro-nutrients and oi manv trace 
elements. Also, bioactive elements are known to influence the bioavailability of Fe, which is itself 
a micronutrient. Almost all instances of Fe deficiency in plants are considered to occur because of 
soil factors that govern Fe solubility. Fe toxicity is not common. 
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Figure ly. Fe contents of L. mitts and l. rangirenna collected at the same site: 
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Figure 20. Fe contents of C. mitis and P. scnreoeri collected at the same sues. 



4.4.9. Lead (Pb) 

In addition to being toxic, Pb compounds are carcinogenic and /or mutagenic. They interfere with the 
ability of DNA molecules to select the correct bases during replication (Sawicki, 1978). The lowest 
quantity of lead in food capable causing chronic illness is not known, but 10 ug/g drv matter is 
generally accepted figure for animals (Underwood, 1973). 

Expected Pb content in lichen and moss: 0-10 M-g/g (dry weight) (LeBlanc et al. 1974; 
Grodzinska, 1978; Glooschenko & Capobianco, 1978; Barclay-Estrup & Rinne, 1978; Furr 
et al, 1979; Rinne & Barclay-Estrup, 1980; Steinnes, 1977, 1980; N'ieboer et al. 1978; 
Bosserman and Hagner, 1981; Burkitt et al, 1982; Case, 1982). 

Observed to date: 55-31.0 ug/g with an average content of 13.9 Ug/g (standard deviation = 
m.3) in C. mitis; 4.0-43.0 ue/e with an average of 14.7 \i%/% 'standard deviation a S.4) ! n 
C. ran$tferina; and 9.5-71.0 ue. 4 with an average of 25.1 ug/g >vtauon = 

,2.ni in P. schreberi. Note that ail these species have average Pb contents which would 
probably be undesirable for rorage. 

The geographic pattern of Pb content in C. mitis is shown in Figure 21. The Pb concentration 
increased in areas of urbanization. Pb levels in C. miffs were similar to those of C. rangircnna 
(Figure 22), and with those of P. schreberi (Figure 23). The figures indicate that the Pb levels in C. 
mitis. C. rangiferina, and P. schreberi are correlated. The concentration pattern of Pb in C. mitis is 
verv similar to the pattern of annual Pb deposition from precipitation (Kirk, 1983; Chan et al, 
1984). 



Assuming it is not coincidental, the similarity of Pb bioaccumulation and the pattern of Pb content in 
precipitation can be interpreted as being indicative of a common atmospheric source for the Pb in 
precipitation and cryptogams, or that the cryptogams acquire Pb primarily from precipitation. It is 
likely that the lichens and mosses acquire Pb from both sources. 
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Figure 21. Geographic pattern of Pb content in C. mitis 
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Figure 22. Pb contents ot C. miris jnd C. rongifenna collected at the same sue.- 
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Figure 23. Pb contents ot C. mitis una P. scnreben coiiecteci at the same sites. 
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Figure 24. Geographic pattern of Mg content in C mms. 



4.4.10. Magnesium (Mg) 

Expected Mg content in lichen and moss: 100-1000 fig/g (dry weight) (\ieboer et il 1978; 
Bosscrman and Kiqner. 1981; Case. l a S2). 

Observed to dote: 203-14*0 ng/g with an average content of 453 uc 'g (standard deviati 
"■■■ - .. .: with an average .-i 42 1 u« e istandard devtai 

224.5) in C. rangifcrina: and &20-67&0 |ig, g with an average ot 1343 [ig p standard 
deviation = 1086.5) in P. schreberi. 
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The geographic pattern of Mg content in C. mitis is shown in Figure 24. The highest concentrations 
of Mg in G mitis were found in SE Ontario, in the vicinity of Clarendon and Dummer. A second 
small increase extends northward from the north shore of Lake Superior. Mg levels in C. mitis and 
C. rangiferina were related (Figure 25). Those of P. schreberi (Figure 26) showed little similarity 
with Mg levels in C. mitis. 

Computation of correlation coefficients between average precipitation Mg levels and 
bioaccumuiator contents revealed no significant relationships with any bioaccumuiator species. 
However, comparison with the patterns oi annual deposition oi Mg due to precipitation (Kirk, 1983; 
Chan et al., 1984) revealed some similarities. 

Mg is one of a small group of trace elements (also including Ca and P^ which has antagonistic 
impacts on the absorption and metabolism oi such toxic eiements as Al. Be. Ba, Cr. Mn, F, Zn. \i. 
Co, Cu, and Fe. It is also occasionally synergistic to beneficial or protective characteristics oi Al 
and Zn. 

The significance of the Mg levels that were higher than expected is not clear. In some cases, the 
level of Mg found in the samples approached the maximum allowable for government registered 
complete feeds (5000 jag/g). 
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Figure 2b. Mg contents of C. mitis and P. schreberi collected at the same sites. 
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4.4.11. Manganese (Mn) 

Mn is slightly carcinogenic but has a low degTee of inherent toxicity (CGL, 1978). Chronic brain 
disease can occur after exposure to Mn oxides in mines or ore processing plants where levels exceed 50 
mg/m 3 (Friberg et al, 1979). In some cases, the level of Mn found in the samples collected was more 
than four times the maximum allowable for government registered complete feeds (i.e., 200 ug/g). 

Expected Mn content in lichen and moss: 10-130 ug/g (dry weight) (Grodzinska, 1978; 
Nieboer etal., 1978; Rinne & Barciay-Estrup, 1980; Bosserman and Hagner, 1981; Case, 
1982). 

Observed to date: 19.5-1325 ug/g with an average content of 51.5 ug/g (standard deviation 
= 29.2) in C. mitis; 18.5-135.5 ug/g with an average of 60.31 ug/g (standard deviation = 
30.8) in C. rangiferina; and 48-818.5 ug/g with an average of 339.7 ug/g (standard 
deviation = 188.5) in P. schreberi. 

The geographic pattern of Mn content in C. mitis is shown in Figure 27. The pattern is similar in 
extent, if not degree, to that of Mg in C. mitis. The Mn contents of C. rangif&ina are similar to those 
of C. mitis (Figure 28). Mn levels in P. schreberi were not significantly correlated with those of 
either Cladina species. 

Mn concentration in precipitation (Kirk, 1983; Chan et al., 1984) shows no significant correlation 
with bioaccumulator Mn contents. Examination of the patterns of Mn content of precipitation (Chan 
et al., 1984) revealed no apparent similarity with the patterns of Mn levels in C. mitis. 




Figure 27. Geographic pattern of Mn content in C. mitis. 
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Figure 28. .Vln contents of C. mitis una C. ran<prerina collected at tne same sites. 



4.4.12. Mercury (Hg) 

Hg contents of carpet-forming mosses in isolated regions of Norway, ecologically similar to northern 
Ontano, average 0.13 ug/g (Steinnes. 1977). Mosses in Alaska also have average Hg contents of 
about 0.13 M-g/g and individual sample levels as low as 0.01 [ig/g Siegel a al.. 1975 . Ground 
lichens from the same region had average contents of 0.02 ug/g <Siesei et al., 1975). 

In addition to being toxic, Hg is reported to be carcinogenic and co-card no genie (Sawicki, 1978). 

Expected Hg content in lichen and moss: 0.02-0.15 ug/g (dry weight) (Huckabee, 1973: 
Ruhiing 6c Tyler, 1973; Mondano 6c Smith. 1974; Wallin, 1976; Pakannen and Tolonen, 
1976; N'ieboer et al., 1973; Solberg and Selmer-Olsen. 1973: Lodenius 6c Laaksovirra. 
1979; Furr et al., 1979; Rinne 6c Barclay-Estrup, 1980; Steinnes, 1977. 1980; Bosserman 
and Hacner. 1981: Lodenius. 1Q81: Case. ! Q «r 

Observed to date: 0.03-0.21 |4g/g with an a vera e-' I )7 \lg/* standard deviation = 

in C. rangirenna: and 0.05-0.14 _£. g with in average )i 1.09 Hg, • (standard deviation = 
0.03) in P. schreberx. There were too tew measurements made rcr C mitis but the 
available values fall within the range for C. ranqiferma. 

Mercury contents of C. rangiferina and P. schreberi were measured in samples from about one third 
of the APIOS lichen and moss study sites. The highest levels of Hg found were to be about 2 to 3 
times the average concentration. These high values may be associated with mining activitv or 
natural variation of Hg soil content. 



4.4.13. Nickel (Ni) 



\'i is highly carcinogenic and mutagenic (Sawicki, 197S). It is moderately toxic to mammals and 
highly to moderately toxic to plant life (CGL, 1978; N'ieboer et ui. 1977). 

Expected Ni content in lichen and moss: 0-5 ug/g (dry weight) (Pakarinen 6z Tolonen 

Tomassini, 1976; Tomassini et al, 1 Q 76; Grodzinska. ] Q ~*: Ntebocr et .<•/.. 1°7<\ Rinne .S: 
Barclay-Estrup, I9S0; Case, 19S2 
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Figure 29. Geographic pattern or Ni contenc in C. mitis. 



Observed to date: 0.93-34.5 M-g/g with an average content of 4.4 ng/g (standard deviation = 
7.6) in C. mifis; 0.9-33.0 ug/g with an average of 4.4 ug/g (standard deviation = 7.0) in 
C. rangiferina; and 1.7-81.0 u.g/g with an average of 9.6 ug/g (standard deviation = 
17.8) in P. schreberi. 

The geographic pattern of Ni content in C. miffs is shown in Figure 29, which reveals an area of 
greatly increased Ni content associated with the Sudburv recrion. This pattern is verv similar to 
mc r'or Zj :oncent in :ho same ;po::o3. As in ;hu :a*i . zontent -t J. •-:: ..■ - 

: rrciated with that JJ J. "an^fs v trui r ; :';re '.' and . :• -v v : Figure :!'• iarnric: :rne 

site. 

No contour maps of the average annuai concentration of Ni in precipitation or deposition due to 
precipitation were available in Chan et al. (1984) because the content of this element in 
precipitation samples was usually at the detection limit. This suggests that the cryptogams get a 
very small proportion of their Ni from precipitation. Rather, the principal source of Ni is likelv 
particulate matter which quickly drops out of the air or water in direct contact with metal 
containing rock. 



4.4.14. Nitrogen (N) 



Expected N content: unknown 

Observed to date: 3.65-7.3 mg/g with an average content of 5.o2 mg/g (standard deviation = 
0.98) in C. mitis: 4.1-16.9 mg/g with an average of tj.36 mg/g istandard deviation = 2.25) 
in C. rangiferina; and 6.35-14.1 mg/g with an average of 9.b mg/g (standard deviation = 
2.1 I in P schreberi 
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Figure 30. Ni contents oi C. mms and C. rarprenna coiiected at the same sites. 







y * 2.289x * .01, R-souarad: .924 








90 
80 










O 










ro 








. 


£ 
1 

(A 


50 
50 


o ^s^ 


a 






a. 


40 


^^^ 








z 


30 












20 


9^ o 










10 












-i 










5 ! G ' -: : ■ 25 


2 5 


• 



\ ; miitsl 



hgure 



Ni contents oi l. • , .'i:.'^ and . liectca at the same sites. 



The geographic pattern of N content in C. mitis is shown in Figure 32. There is a general negative 
south to north concentration gradient, with the high concentrations being in southern Ontario. The 
highest total N contents of C. mitis were detected in the remote regions of NW and NE Ontario. A 
region of depressed N content was found between Sudbury and Timmins. The concentration patterns 
of N levels in C. rangiferina (Figure 33) and P. schreberi (Figure 34) show little similantv with 
those of C. mitis. 



The pattern of N content in C. mitis is somewhat similar to that of N-TKN tnitrogen-total 
Kjeldahi nitrogen) annual deposition, and N-NH4* annuai deposition (Chan ct al, 1984). 
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Figure 32. Geographic pattern of N content in C. mitis 
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Figure 33. N contents or C. mitis and C. rangverina collected at the same sites. 
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Figure 34. N contents of C. mzris and P schreberi collected at the same sites. 
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Figure 35. Geographic pattern of P content in C. mifis 



4.4.15. Phosphorous (P) 

Expected P content in lichen and moss: 0.2-2.0 mg/g (drv weight) (N'ieboer el at. 1°"^: Case 

1982). 



Observed to date: 0.3-1.0 mg/g with an average content of 0.45 mg 'g (standard deviation = 

0.14) in C. '•:::: . .-•■•■ with an -: 

in C. remgiferim; and 0.45-1 i .; with an average cvl 1 .01 mg/g (standard devia 
= 0.3) in P. schreberi. 
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The geographic pattern of P content in C. mitis is shown in Figure 35. The figure reveals a fairly 
uniform P content in C. mitis throughout Ontario with the exception of the Sudbury region, where P 
contents appear to be depressed in an area where levels of Cu and Ni were highest in C. mitis. P 
levels in C. mitis and C. rangiferina showed some similarity (Figure 36). There was much less 
similarity between C mitis and P. schreberi P levels (Figure 37). P concentrations in C. mitis 
showed no relationship with annual P-PO4 average concentration in precipitation or annual 
deposition due to precipitation (Kirk, 1983; Chan et al., 1984). 
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Figure 3o. P contents ot C. mzris and C. rangiferina collected at the same sites. 
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Figure 37. P contents of C. mitts and P. schreberi collected at the same sues. 



4.4.16. Potassium (K) 



Expected K content in lichen and moss: 500-5000 Hg/g (dry weight) iBertrand & Bertrand. 
1947; Yarilova, 1947; Wohlbier & Lindner, 1959; Micovic & Stefanovic, 1961; Makela. 
1976; Scottcr & Miltimore, 1973; Kuziel, 1973; Kovacs-Lang & Verseghy, 1974; Stcinnes, 
1977; Nieboer et at, 1 Q 7«; Bosserman and Haener, 1981; Case. I«82). 



Observed to date: 0.11-0.25 % with an average content of 1^' I standard deviation = 0.03' 
in C. mitis; 0.13-0.26 % with an average of 0.1b % uiandard deviation = 0.03) in C. 
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rangiferina; and 0.34-0.73 % with an average of 0.48 % (standard deviation = 0.10) in P. 
schreberi. 




Figure 38. Geographic pattern of K content in C. mitts. 



The geographic pattern of K content in C. mitis is shown in Figure 38. K analvsis results for C. mitis 
revealed little variability in content throughout the province. There is some indication oi slightly 
elevated levels near White River and Quetico. K contents of C. mitis. C. rangiferma, and 
iberi .verc not ii^nificantly correlated. Examination . r rrecicitaaon annual averaet! 
roncentration and deposition patterns Kirk, 1983; "ban •: .... [984 -eveaie-: 
simiiantv between bioaccumulation and precipitation chemtstrv 

The region oi highest K content in C. mitis was associated with the Dorset-Campbeilford region or 
SE Ontario. Two secondary regions of elevated K content were found in the Sudburv and Donon 
regions. K contents of the Cladina species are significantly related but K contents of P. schreberi 
were not correlated with those of C. mitis. Also, the K contents of the cryptogams are not 
significantly correlated with precipitation K content. However, precipitation K contents are 
elevated in SE Ontario and in NE Ontario, downwind of the Sudburv region (Kirk, 1983; Chan et 
at., 1984). 

K is essential for the normal growth and development of virtually all living organisms. In higher 
plants, it is the most abundant cation and the fifth most abundant element behind C, H. O. and \. 
However, unlike these elements, K does not occur as part oi any stable organic compounds, but rather 
it is present as the extremely mobile free monovalent cation (K + ). It is also the most mobile nutrient 
element and is found in phloem sap at high concentrations. 



4.4.17. Selenium (Se) 



The genotoxic properties of Se in its various forms and compounds are highly controversial. In 
dispute are the reported anticarcinogenic, carcinogenic, clastogenic and teratogenic properties of 
this essential element. A number of diseases caused by Se deficiency have been reported in animals. 
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Several studies have indicated that diets containing 5 ug/g or more cause chronic selenosis in 
several species of animals; this level is generally accepted as the dividing line between toxic and 
non-toxic feeds (NAS, 1976). There is also evidence that Se compounds may efficiently protect 
animals from toxic concentrations of Th, Cd, Ag, Hg and methyl-Hg. The level of Se in some 
samples analyzed exceeded the maximum allowable for government registered complete feeds. 

Expected Se content in lichen and moss: 0.05-1.10 Ug/g (dry weight) (Steinnes. 19771 

Observed to date: 0.03-0.79 ug/g with an average of 0.31 ug/g (standard deviation = 0.25) in 
C. rangiferina; and 0.03-138 ug/g with an average of 0.49 ug/g ( standard deviation = 
0.41) in P. schreberi. The data available for C. mitis are too limited to describe 
statistically, but the values do fall within the range tor C. rangiferina. 

No pattern of unusual regional Se bioaccumulation was found and no comparanve information about 
the 5e content of acid precipitation was available for Ontario. 
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Figure 39. Geographic pattern of Na content in C. mitts. 



4.4.18. Sodium (Na) 



Expected Na content in lichen and moss: 50-600 Ug/g ( drv weight) (Steinnes, 1977; Nieboer 
et at., 1978; Bosserman and Hagner. 1981; Case,' 1982).' 

Observed to date: 23.3-140 Ug/g with an average content of 55.05 ug/g (standard deviation 
= 26.5) in C. mitis: 22.3-140 ug/g with an average of 4S.2 ug/g (standard deviation = 
22. S) in C. rangiferina; and 35.7-283 Ug/g with an average oi 98.0 Ug/g (standard 
deviation = 48.5) in P. schreberi. 



The geographic pattern of Na content in C. miii? is shown in Figure } ' There sooms to re .i ^ 
trend of decreasing Na content as one moves south from the boreal forest region. However, high Na 
concentrations were found in SE and W Ontario at a couple of sites. These high values may be 
associated with local soil conditions. The Na content of G mitis and C. rangiferina were somewhat 
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similar (Figure 40). The Na contents of C. mitis and P. schreberi were not found to be significantly 
correlated (Figure 41). 

The pattern of Na content in C. mitis showed little similarity with the pattern of annual 
concentration of deposition of Na in precipitation (Kirk, 1983; Chan et al., 1984). 
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Figure 40. \"a contents of C. mitis and C. ranpferina roilected at :he same sites 
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Figure 41. Na contents of G mitis and P. schreberi collected at the same sites 



4.4.19. Sulphur (S) 

5uiphur dioxide (SO2) and hydrogen sulphide (FHS) are the most common contaminant compounds 
affecting vegetation, soils, and soil microflora. The problems associated with these compounds arc 
well documented in industrial regions all over the world (Overrcm. 1977). The effects of sulphur on 
tation and soil in Canada have been reviewed (Ronnie and Halstead. 197'). in addition, the 
impact of sulphur compounds on vegetation and soils has been the subject oi many workshops and 
svmposia (e.g., Sandhu and Wborg. 1977; Sandhu cl .. ' -I 

Sulphur is essential tor normal plant and animal lite and is present in all vital tissues. The 
mobility of sulphur in the biosphere is high since the oxides ot sulphur are very soluble in water. 
However, when compared with other major nutrient elements, knowledge of the dvnamics or 
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sulphur and its nutritional role in agriculture and forest growth is limited (Rennie and Halstead, 
1977). 

The direct and indirect effects of SCb depend upon such factors as species tolerance, concentration, 
frequency and duration of exposure, soil moisture, and humidity (MacDonald and Klemm, 1973). 
Intraspecies differences can also occur in response to factors such as age, growth stage, etc. SCb is a 
genotoxic gas which has co-carcinogenic and premutagenic properties. When inhaled with 
polycylic organic compounds such as benzou)pyrene or benzo(k)fluoranthene, SCb causes a 
carcinogenic effect greater than that obtained with benzopyrene alone. These co-carcinogenic and 
premutagenic properties stem from the ready formation of mutagenic sulphite. Lichens and mosses 
accumulate sulphur in the presence of SO2 and thus provide a means of monitoring the long-term 
presence of this compound. 

Expected S content in lichen and moss: 0.012-0.10% (drv weight) (Nieboer et al., 1973; 
Krouse & Case, 1981, 1983; Case & Krouse, 1980; Case, 1982). 

Observed to date: 0.02-0.4% with an average content of 0.05% (standard deviation = 0.06) 
in C. mzfts; 0.02-0.1% with an average of 0.04% (standard deviation = 0.02) in C. 
rangifenna; and 0.05-0.17% with an average of 0.09% (standard deviation = 0.03) in P. 
schreberi. Reported sulphur contents of lichens and mosses are very similar to those 
reported for northern Canada (Nieboer et al., 1978). 
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Figure 42. Geographic pattern or S content in C. muis. 

The geographic pattern of sulphur content in C. mitis is shown in Figure 42. Similar patterns of 
sulphur concentration exist tor C rangifenna and P. schreocn, although this is not reflected in 
their respective correlation coefficients. The patterns of average annual sulphur concentration and 
deposition of S04 ++ (Kirk. 1983; Chan d al., 1°S4> are very similar to th.it oi sulphur in C. ••::::- 
samples. The sulphur contents ol C. r. , i«\\ , .vn.*j.i and P. •- : ;---:' n showed sorno smvilarm ivith 
that of C. mills 'Figures 43 and 44). The correlation mav have been better it a more sensitive 
method had been available for the determination of sulphur content of the lichen and moss 
samples. 
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There is a negative north to south gradient of sulphur content with highest levels of sulphur 
occurring in the C. mitis samples from the Dorset region. Insufficient material was available for 
analysis from extreme southern Ontario due the general paucity of lichens and mosses in that 
region. 

In C. mitis and precipitation the highest levels of sulphur were found in southern Ontario. Around 
Sudbury, high SO,*"'"* contents in precipitation were not reflected in the C. mitis sulphur content. 
This may be the result of missing data due to paucity of C. mitis in the immediate vicinitv of 
Sudbury. This is reinforced by the fact that a sample of Slereocauion tomentosum, which has a 
habitat similar to that of C. mitis, had a sulphur content of 0.09%; one of the highest values 
measured for ground-dwelling lichens in this studv. 
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Figure 43. S contents of C. mitis and C. rangirenna collected at the same sites. 
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Figure 44. S contents ot C. mitis and P. schrevcri collected .it the same Sites. 
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4.4.20. Titanium (Ti) 

Ti has a low inherent toxicity and low carcinogenicity. 

Expected Ti content in lichen and moss: 6-150 ug/g (drv weight) (Laaksovirta & Olkkonen, 
1976; Nieboer et al., 1978; Case, 1982). 

Observed to date: 45.0-520.0 ug/g with an average content of 104.7 ug/g (Standard 
deviation = 97.4) in C. mitis; 405-360.0 ug/g with an average of 85.4 ug/g (standard 
deviation = 75.8) in C. rangiferina; and 27.7-1120.0 ug/g with an average of 150.4 ug/g 
(standard deviation = 194.6) in P. schreberi. The geographic pattern of Ti content in C. 
mitis is shown in Figure 45. 

Very high levels of Ti were found in C. mitis from SE Ontario. The origin of this Ti is not obvious 
but may be related to soil chemistry, manufacturing, regional agricultural practices and/or 
urbanization. Elevated levels of Ti were also found in areas of mining activity near Sudburv and 
Dorion. Ti levels throughout northern Ontario appear to be uruformlv low. 

Ti contents of C. mitis and C. rangifenna were correlated (Figure 46). The Ti contents of P. schreberi 
and C. mitis were less similar (Figure 47). 

No comparative information was available about the Ti content of precipitation in Ontario. 




Figure 45. Geographic pattern of Ti content in C. mitis. 



4.4.21. Vanadium (V) 



V is reported to be carcinoccnic tSawicki. J 078). but has 3 low degree at' inherent toxicttv CCL 
197%). Local effects m animals include acute and chronic problems with the respiratory svstem. 
Metabolic effects include interference with biosynthesis of cystine and cholesterol, depression and 
stimulation of phospholipid synthesis and, at higher concentrations, inhibition of serotonin 
oxidation. 
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V occurs only sparsely in the natural environment (Nygard and Harju, 1983) and is an excellent 
indicator element for pollution dispersal and deposition studies because quite high concentrations 
are emitted by industrial activities. Fortunately, inhaled and ingested V compounds are poorly 
absorbed. 

Expected V content in lichen and moss: 0-10 ug/g (dry weight) (Tuominen & Jaakkola. 1973; 
Steinnes, 1977; Nieboer et aL, 1978; Case. 1982). 

Observed to date: 0.9-7.9 ug/g with an average content of 2.25 ug/g (standard deviation = 
1.75) in C mitts; 0.66-7.0 ug/g with an average of 1.8 ug/g (standard deviation = 1.37 ) 
in C. rangiferina: and 1.5-9.7 ug/g with an average of 3.46 ug/g (standard deviation = 
1.92) in P. schreberi. 
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Figure 4fc>. Ti contents of C. miris and C. rangirenna collected at the same sites. 
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Figure 47. Ti contents ot C. rmtis and P. schreverx collected at the same sites. 



The geographic pattern of V content in C. mitts is ^hown m Finn-ire 4S With the exception n \ 
Ontario, the V contents ot C. mitis arc fairly uniform throughout the province. In S Ontario 
elevated V levels were detected in C. rmtis collected on rock outcrop^. Hie lower Y levels in 
Ontario are based on a lack of data points. V contents of C. rangifenna were similar to those of C. 
mitis (Figure 49) while P. schreberi showed little similarity to C. mitis (Figure 50). 
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Figure 46. Geographic pattern of V content m C, mitts. 



No contour maps of the average annual concentration of V in precipitation or deposition due to 
precipitation were available in Chan et al. (1984) because the content of this element in 
precipitation samples was usually at the detection limit. This suggests that the cryptogams get a 
very small proportion of their V from precipitation. Rather, the principal source of their V is 
likely particulate matter which quickiv drops >u.j ?f the :.:' 
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Figure 4 1 - 1 . \ contents ol C rMi.:is i«nd C rangircrma collected at the same sites 
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4.4.22. Zinc(Zn) 

Zn is reported to be highly carcinogenic (Sawicki, 1978) but has a low degree of toxicity (CGL, 
1978). 



Expected Zn content in lichen and moss: 20-500 jig/g (dry weight) (Steinnes, 1977; Nieboer 
et al., 1978; Bosserman and Hagner, 1981; Martin &c Coughtrev, 1982; Case, 1982). 

Observed to date: 10.5-121.0 ug/g with an average content of 26.2 ug/g (standard deviation 
= 22.2) in C. mitis; 13.0-136.0 M-g/g W1 *h an average of 26.0 u,g/g (standard deviation = 
20.4) in C. rangiferina; and 22.0-131.4 jig/g with an average of 44.2 p.g/g (standard 
deviation = 19.8) in P. schreberi. 

The geographic pattern of Zn content in C. mitis is shown in Figure 51. The Zn content oi C. mins 
throughout northern Ontario is fairly uniform. However, regions oi elevated Zn content are evident 
in the Plastic Lake-Wilberforce area, in the Sudbury region, and in the White River area. The 
apparently low level of Zn in C. mitis of SW Ontario is an artifact due to a lack of data. 







y ■ ,1:1a ♦ 3.034, R-iquir»d: 


.01 










O 














9 












• 




8 














i 

9 

> 


6 
5 
4 
3 







O O Q 










» 


O H 

f— 0"OT 




o 








: 


<g&° ° ° 






o 








1 

c 















1 2 3 


4 5 o 


- 


- 


5 










TllKSJ 






i 



tgureou. v contents or ... mas -mo P. scnreceri collected at the same sites 



The Zn contents of C. mitis and C. rangiferina are related (Figure 52). Zn content of P. schreberi is 
not significantly correlated with that of C mitis or C. rangiferina. 

The regional pattern of Zn, average annual Zn concentration, and annual Zn deposition due to 
precipitation (Kirk, 1983; Chan et al, 1984) show little similarity to levels of Zn measured in C. 

mitis. 



4.4.23. Toxicity Potential 

A literature survey was conducted to determine the toxic potential of each element 
measured because there exists a real potential for adverse effects not only tor vegetation, but also 
for the health of animals and humans, rrom lone-term exposure to some elements which were round 
to be accumulating in the lichens and mosses at some sites in the study region iMNR. 19S7; 
Clooschenko et al., 1988). The ratings given above are pertinent to the effects of the element bv 

: »nd not tn the presence oi other demenb. \o attempt h.v» bo 

potential for plants or animals or element combinations. 
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Figure 51. Geographic pattern of Zn content in C. mitis. 
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Figure 52. Zn contents in C. rangiferina and C. mitis collected at the same sites. 



4.5. Discussion 

4.5.1. Elemental Bioaccumulation in Lichens and Mosses 

Since one of the goals of this studv was to assess whether lichen and moss biomonitors could 

be used to monitor acid precipitation, it was important to demonstrate that the element. : 

more than one species showed similar patterns of accumulation. Correlation coetriaents were 

calculated to provide a measure of agreement between the elemental contents of three common ^nd 
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widespread species; Cladina mitis, Cladina rangiferina and Pleurozium schreberi. The 
coefficients are presented in the Results (Section 4.4). 

In general, the elemental contents of C mitis and C. rangiferina were similar. Examination 
of the scatter plots of element concentration shows that the contents of Al, Cd, Ca, Cr, Cu, Fe, Pb, 
Mg, Mn, Ni, Na, S, Ti, V, and Zn in the two species appear to be related. However, only in the case 
of Al, Cu, Fe, Ni, and Ti was the relationship statistically significant. 

Examination of element concentration scatter plots of C. mitis versus P. schreberi from the 
same locations reveals that their contents of Al, Ca, Cu. Fe, Pb, Mg, Ni, N, and S are somewhat 
similar. However, there was considerable variation. Only Cu and Ni were significantly 
correlated. 

Some information about the origin of the elements measured in the lichen and moss samples 
can be obtained by examining the correlation between eiements within sDecies to determine which 
groups travel' together. Tables 5, o and 7 show the correlation between elements in C. mi'fis . C. 
rangiferina and P. schreberi, respectively. 

One group of elements which seem to travel together are. Al, Fe, Mg, Ti and V. These 
elements are significantly correlated in ail species studied. It is not surprising then that thev have 
very similar concentration patterns in Ontario. The relatively high levels of Al, Fe, Mg, Ti and V 
found in SE Ontario, and the relatively low levels found in the Sudbury and Dorion regions suggest 
that windblown dust, rather than smelting and mining, is the principal source of these elements in 
the vegetation samples. 

Cu and Ni concentrations in the region around Sudbury are eievated tar above the levels 
measured in samples from N and NVV Ontario. These two eiements appear to be accumuiaung to 
very high levels in the environment. A certain proportion of the input of these elements would be 
from fall-out from Sudbury. However, some may be due to dissolved ions in run-off water derived 
from exposed surficial ore deposits. Both of these elements are known to be biologically active. 

Pb levels are. in general, well correlated with those of Cd and S. However, S is not 
significantly correlated with Cd. This suggests that at least two mam sources for Pb. These 
elements may be associated with the combustion of coal. 

4.5.2. Comparison of Elemental Bioaccumuiation in Cluaina mitis and Cumulative Acid 
Precipitation Chemistry 

!n the past an almost anecdotal folklore had developed by which it was understood that 
lichens were excellent bioindicators of air pollution because they were extremely sensitive to the 
phytotoxic effects of SO2 (and compounds derived from S02>- They were also good biomonitors 
because they could accumulate high levels of metals without succumbing to their toxic effects. It 
was thought that the elemental contents of the lichens reflected a long-term average pollutant 
concentration (Ferry et al., 1973). This belief existed in spite of the fact that instrumental 
monitoring had shown that the concept of 'long-term pollution concentration existed onlv as a 
mathematical concept, and that studies of ecological systems had demonstrated that ecosvstems 
are in a continual state of fluctuation as the component organisms responded to stimuli. 

Levels of Fe or Ni in cumulative precipitation samples from APIOS monitoring stations 
explain little of the variability in Fe or Niin C. mitis from the same or nearby sites. Examination 
of the maxima, minima and standard deviations for the metal concentrations in cumulative 
precipitation samples (Kirk, 1983; Chan et al., 1984) reveals extreme variability in elemental 
content that must exist between samples. 

Metal content of C. mitis shows no relationship with j pH values of cumulative 

precipitation samples. In the future, it might he more meaningful to compare element 
concentrations in bioaccumulators with the weighted average of "effective |H + J" or [H"*"! - [HCO3"] 



-56- 



as it may give a better representation of the actual acidity available (Lau, 1982). 

Figure 53 is an isopach 3D image based on the difference between the standard normalized 
average annual average ambient S content of cumulative precipitation samples (Kirk, 1983) and the 
standard normalized S content measurement of Cladina mitis. It illustrates that the levels of S in 
the lichens are higher than would be expected on the basis of contributions from precipitation 
alone. It should not be viewed as a display of an amount of S, rather, isopach tigures are 
illustrations of relative agreement or disagreement. If there was no agreement there wouid be no 
relief. If there was nearly perfect agreement there would be a flat-topped plateau. 

Figure 54 is a 3D image based on the products of standard normalized cumulative 
precipitation SO4 values (Kirk, 1983) and S content in C. mitis. It illustrates that in extreme 
southern and NW regions of Ontario, average cumulative precipitation sample S content is a good 
predictor of S content in lichens. However, in central Ontario agreement drops sharplv. This is 
interpreted as being indicative of the important contribution of SO2 from the Sudbury area to the S 
content of the lichens. Perhaps not surprisingly, the same relationship exists between precipitation 
pH and S in C. mitis. 

Figure 55 is a isopach 3D image based on the difference between the standard normalized 
average annual average ambient Pb content of cumulative precipitation samples (Kirk, 1983) and 
the Pb content of C. mitis. The isopach figure illustrates that the levels of Pb in the lichens are 
higher than would be expected on the basis of contribution from precipitation alone. In Figure 56, 
however, which is a 3D image based on the products of standard normalized cumulative 
precipitation chemistry (Kirk, 1983) and Pb content of C. mitis. it can be seen that in extreme 
southern Ontario and parts of northern Ontario, average annual Pb content of cumulative 
precipitation is a good predictor of Pb contents of C. rmtis. 

Figure 57 is a 3D image illustrating the isopach between the standard normalized average 
annual average ambient Fe content of cumulative precipitation samples (Kirk, 1983) and the Fe 
content of C. mitis. The isopach figure illustrates that the levels of Fe in the lichens throughout 
most of Ontario are higher than would be expected on the basis oi contribution from precipitation 
aione. In Figure 58, however, which is a 3D image based on the products of standard normalized 
cumulative precipitation chemistry (Kirk, 1983) and Fe content measurements, it appears that 
average annual Fe content of cumulative precipitation is a significant contributor to the Fe contents 
01 Z. mitis m the same region. Al, .Vig, Ti and V snowed vimnar patterns. 

Figures 5 Q :s an isopleth contour map based on tne proauct of standard norman. 
cumulative precipitation Ni values and Ni in C. mztis. There is good agreement between 
precipitation and C. mitis values in the Sudbury area. Since Ni was in the precipitation and the 
lichen, it would appear that Ni washed out of the air is a major source of Ni for the lichen. The 
contribution of Ni to the lichen from exposed rock in the area is not known. 

An overview of map comparison techniques is presented in Appendix C 



-57- 




Figure 53. Three dimensional isopach representation ot the difference between the S concentration 
of C. mzrzsand cumulative precipitation samples 




ire 54. Three dimensional representation or the product matrix lor i concentration in 

and cumulative precipitation samples. 
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Figure 55. Three dimensional isopach representation of the difference between Pb concentration of 
C. mitis and cumulative precipitation samples. 




Figure 5h. Three dimensional representation of the product matnx for I'b concentration in 
and cumulative precipitation samples. 
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Figure 57. Three oimensionai isopach representation or the dirierence between Fe concentration or 
C. mitis and cumulative precipitation samples. 




Figure 53. Three dimensional representation or the product matrix tor Fe concentration m J. t,::: 
and cumulative precipitation samples. 
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4.6. Conclusions 

The major factors affecting the content of bioactive elements in lichens and mosses in 
Ontario appear to be gaseous and particulate emissions from point sources, wind-blown dust, and 
elements derived from subsurface minerals dissolved in surface run-off water. 

Contribution of contaminants from precipitation does affect the element contents of lichens 
and mosses but it is not usually the most important contributing factor. Precipitation chemistry is a 
good predictor of some elements in lichens and mosses in some regions of the province. Sulphate. 
nitrate, and lead in precipitation appear to be major contributing factors to the accumulation of S, N 
and Pb in C. mitis. The levels of most elements in lichens and mosses are higher than would be 
expected on the basis of contribution from precipitation alone. The geographic patterns of manv 
element concentrations suggest that they are related to both precipitation chemistry, local sources 
of air pollution such as urban environments, smelters, power plants, and other emission sources of 
trace elements, and probably mineral ores in rock. Availability of metais from rock wiil be 
influenced by the pH of precipitation. 

Comparison of elemental contents in Cladina mitis with those of C. rangiferina revealed a 
high correlation between the two species. The elemental contents of C. mitis and Pleurozium 
schreberi were less similar. 

Very significant correlations were found consistently for certain pairs of elements in all 
species. Some elements, such as Cu and Ni, or Al, Fe, Mg, Ti and V, apparently travel together. 
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5. FOLLOWING THE ELEMENTAL CONTENT IN CLADINA OVERTIME 

5.1. Introduction 

Seasonal variations of bioactive element content has been demonstrated for many species of 
plants. This variation can be related to seasonal changes in plant physiology and fluctuations in 
the availability sit compounds :n the environment. For example, deciduous tree ieaves typically 
show maximum metal concentrations just pnor to leaf-fall (Martin and Coughtrev, 1982). Lichens 
also show seasonal variation in physiology (e.g., Farrar, 1973) therefore their elemental content 
may also show seasonal variation. 

5.2. Purpose 

The purpose of the present study was to determine if the elemental composition of lichen 
and moss samples from the BGC sites fluctuated during the vear, or whether it was constant ^or at 
least within the range of natural variability). 

5.3. Methods 

Replicate samples of Cladina mitis, C. rangiferina and Pleurozium schreberi were collected 
three times yearly during the growing season at the BGC sites (Plastic Lake, Hawkeve Lake and 
High Falls) according to the methods described in Section 4. The samples were submitted to the 
Ontario Ministry of the Environment laboratory in Toronto and analyzed to determine their 
contents or 19 elements (Al, Ca, Cd. CI, Cr. Cu, Fe. K, M g/ Mn. N, Na, \i, P, Pb, S, Ti, V. and Zn>. 

5.4. Results 

The results of the analyses are indicated bv a "Tin Appendix A. Most measurements of CI 
were at or below the detection limit of the method used and not discussed further. Figures oO - 77 
show the elemental contents of C. mitis, C. rangiferina. and P. schreberi collected at Hawkeve 
Lake, which was the most pristine site. The elemental contents of C. mitis samples collected at all 
three BGC sites are summarized eraphicallv in Figures 78 - 95. Standard error bars tor the samples 
are shown. 

5.5. Discussion 

The environment at Hawkeve Lake was relatively pristine and the natural input of 
elements is not strongly altered by input of large amounts of contaminants. The concentrations of 
most elements in C. mitis, C. rangiferina and P. schreberi showed relatively minor fluctuations 
throughout the study period (Figures 60 - 77). The elemental contents of the two Cladina species 
were relatively constant over time. With the exceptions of Mg and Mn the elemental contents of the 
two Lladina species were very similar for samples collected on the same date and generally 
tracked each other throughout the period of the study. 

In most cases the elemental concentrations in Pleurozium schreberi were higher than those 
measured in the Cladina species sampled at the same time and place. The fluctuation in content 
were also greater although they generally tracked those of the Cladina samples. The exception* 
were the concentrations of N and P which were much lower in the Pleurozium samples collected in 
the first week of October. 1Q83 and May or 1984. However, the concentrations were up to their 
previous higher levels again by late June of 1984 , where thev remained even up to the rirst week or 
October when the last samples were taken. Neither of the Cladina species showed this fluctua 
in \ and P content. This j s most likely due to physiological differen n the moss and" li 

living at the same site. It would appear that during the winter months the nutritive value of the 
moss and lichens as a source of N and P would be very similar. 
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In the case of Al, Cr, Mn, and Ni there is some indication of an increase in concentration 
samples collected at Hawkeye Lake over the duration of the study. 

Based on the comparison of the analysis results for all species sampled at Hawkeye Lake, 
Cladina mitis was selected as a representative species for an examination of differences in 
elemental content in samples collected at the three BGC study sites. Elemental concentrations in C. 
mitis at the 3 BGC study sites are shown in Figures 78 - 95. These figures show that Al, Cu, Fe. K, 
N, Ni, Pb, S, Ti, V and Zn in C. mitis collected at High Falls had decreasing concentrations during 
the period from early May 1983 to mid-May 1984, after which the concentration started increasing 
over time. This phenomenon was not observed at either of the other BGC study sites. The 
concentration decrease and subsequent increase observed at High Falls may be associated with a 
stnke at Inco in Sudbury during the month of June in 1982, followed by a 10 month scheduled shut- 
down at Inco. This resulted in almost an entire year during which the Sudbury "Super stack" 
released virtually no emissions. What appears in the graphs could be explained by a "dilution ' 
effect resulting from the addition of new contaminant free tissue to the lichen thalli at a rate 
greater than the rate at which the contaminants began to accumulate in the thallus tissue when the 
smelter started emissions again. 

The lichens apparently began producing contaminant-free new tissue almost immediately 
resulting in a net decrease in "whole thallus" concentration. Although contaminants would have 
started appearing again in the environment again in early April, 1983, when Inco started-up the 
"Super stack", the production of contaminant free tissue resulted in a decrease in the effective 
whole thallus elemental content. One year later the rate of. metal accumulation had overtaken the 
production of new tissue and the resulting "whole thallus" concentration began increasing. 

An alternative explanation could be that when the "Super stack" began operations again in 
April of 1983, there was a decrease in local (fugitive) emissions which was detectable within 1 or 2 
months as a decrease in elemental contents in the lichen. This presupposes the existence of an 
unknown but substantial local emission source which ceased when the "Super stack" began 
operations again. No such local emission source is known and such a mechanism cannot account tor 
the increases in elemental content observed starting in May of 1984. 
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Figure 60. Variation in Al content of C. mitis. 
C. rangiferina and P. schreberi at Hawkeye 
Lake, over time. 



Figure 61. Variation in Ca content of C. mitis, 
C. rangiferina and P. schreberi at Hawkevc 
Lake, over time. 
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Cd Level* in Sample* Collected ai 
Hawkey* Lake in Different Dale* 



Cu Level* in Samples Collected at 
Hawkey* Lake at Different Dates 




Figure 62. Variation in Cd content of C. mitis, 
C. rangiferwa and P. schreberi at Hawkeye 
Lake, over time. 




Figure 64. Variation in Cu content of C. mitis, 
C. rangiferina and P. schreoeri at Hawkeye 
Lake, over time. 
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Figure 63. Variation in Cr content of C. mitis, 
C. rangiferina and P. schreberi at Hawkeye 
Lake, over time. 
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Figure 65 Variation in Fe content of C. mitis, 
C. rangiferina and P. schreberi at Hawkeve 
Lake, over time. 
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K Level* in Samples Collected ai 
Hawkey* Lake at Different Dataa 



Mb Level* in Sample* Collected at 
Hawkey* Lake at Different Data* 




Figure 66. Variation in K content of C. mitis, 
C. rangiferina and F. schreberi at Haw key e 
Lake, over time. 
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Figure 68. Variation in Mn content of C. mitis, 
C. rangiferina and P. schreberi at Ha wkeye 
Lake, over time. 
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Figure 67. Variation in Mg content of C. mitis, 
C. rangiferina and P. schreberi at Hawkeye 
Lake, over time. 
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Figure 69. Variation in N content of C. mitis. 
C. rangiferina and P. schreberi at Hawkeve 
Lake, over time. 
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Figure 70. Variation in Na content of C mitis, 
C. rangiferina and P. schreberi at Hawkeye 
Lake, over time. 



Figure 72. Variation in P content of C. mitis, 
C. rangiferina and P. schreberi at Hawkeye 
Lake, over time. 
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Figure 71. Variation in Ni content of C. mitis, 
C. rangiferina and P. schreberi at Hawkeye 
Lake, over time. 
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Figure 73. Variation in Pb content of C. mitis, 
C. rangiferina and P. schreberi at Hawkeve 
Lake, over time. 
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Figure 74. Vanation in S content of C. mzris, 
C. rangiferina and P. schreberi at Haw key e 
Lake, over time. 



Figure 76. Vanation in Cu content of C. mitis, 
C. rangiferina and P. schreberi at Haw key e 
Lake, over time. 
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Figure 75. Variation in Ti content of C. mitis, 
C. rangiferina and P. schreberi at Hawkeye 
Lake, over time. 
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Figure 77. Variation in Zn content of C. mitis, 
C. rangxferina and P. schreberi at at Hawkeye 
Lake, over time. 
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Figure 78. Variation in AI content of C. mitis Figure 80. Variation in Cd content oi C. miiis 

over time. over time. 
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Figure 79. 
over time. 



Variation in Ca content of C. mitis Figure 81. Variation in Cr content of C. mitis 



over time. 
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Cu Levels in C. mail Collected at 
BGC Sitea on Different Dates 



K L«vela in C. aula Collected at 
BGC Sits* on Different Dais* 
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Figure 82. Variation in Cu content of C. mitis Figure 84. Variation in K content of C. mitis 
over time. over time. 
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Figure 83. Variation in Fe content of C. mitis Figure 85. Variation in Mg content of C. mitis 

over time. over time. 
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Mn Levels in C. mitts Collected at 
BGC Site* on Different Dales 



Na Levels in C. mitis Collected at 
BGC Sites on Different Dates 






_ «_ 


UM-mVtLAMM 




• 


: ii«JMii 




-*— 


Rmdc Laic 


■0 _ 


fl^fc-^ ^Nr< 




8. 


rf=^^J 






J 




:. 







ii xo .m mi m in vo 



i) 100 aw soo ico md »u) 'CXI 



S Dwn 2 2 »r« 

Figure 36. Variation in Mn content of C. mitis Figure 88. Variation in Na content of C. mitis 

over time. over time. 
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Ni Levels in C. mitis Collected at 
BGC Sites on Different Dales 
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Figure 87. Variation in N content of C. mifzs over Figure 89. Variation in Ni content of C. mitis 
time, over time. 
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P Levels in C. mad Collected at 
BGC Site* on Different Dates 



S Levels in C. mitts Collected at 
BGC Site* on Different Dales 
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Figure 90. Variation in P content of C. mi+is Figure 92. Variation in S content of C. mitis 

over time. over time. 
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V Level* in C. miti* Collected at 
BGC Site* on Different Dates 



Zn Level* in C. mats Collected at 
BGC Site* on Different Dates 
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Figure 94. Vanation in V content of C. mitis Figure 95. Variation in Zn content of C. mitis 

over time. over time. 



5.6. Conclusions 

Do cryptogamic species maintain a constant eiementai composition throughout the year' 
The eiementai analysis results tor replicates of C. mitis, C. ran$ifenna and P. sckrenc^ collected 
at the BGC study sites at designated intervals over a three year span demonstrated that the 
content of many elements was not constant. 

Although the elemental measurements of C mitis did not remain constant from season to 
season (Figures 78 to 95) there was insufficient data to say whether or not the fluctuations were 
seasonal. However, given that other types of vegetation exhibit seasonal variations, it is still 
preferable that lichen samples be collected at the same time each year if analysis results from 
different vears are eoing to be compared. 

The eiementai contents of A*. Cr. Cu. \ln. Ph. and S ;n C •*:::::-- rrom the High Fails sit< 
Sudburv were generailv the highest and were observed to vary < sometimes greatly] over relative 
short oenods of time. Bv comparison, the elemental contents of the samples rrom Plastic Lake and 
the relatively pristine Hawkeye Lake were much less variable, although the elemental contents 
were generally higher at Plastic Lake. 

The elemental concentrations in C. mitis collected at the BGC study sites indicate that the 
Hawkeye Lake site was the most pristine; that the High Falls site received the most contaminant 
input; and Plastic Lake was intermediate. The shut down of the Inco "Super stack" was followed by 
dramatic reductions in lichen element content and startup was followed by increases in lichen 
element content. Lichen element content equilibrated with the changes in contaminant deposition 
rate within about one growing season. The shut down of the "Super stack" also permitted the 
determination that the high levels of metals found in lichens at the High Falls BGC were due to 
the deposition of contaminants from above rather than uptake from metal-rich exposed rock. 

Considering the natural variability m the concentrations ot most elements measured in 
replicates of C. mitis and C. rangirerina, it appears that it makes little difference whether the 
specific distinction is made. Onlv in the case case ot Mg and Mn were the species markedly 
different. P >chrcben. which crows at the same sites, typically element contents * or - times th.it 
of the Cladina species. 
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6. LICHEN AND MOSS INVENTORY OF BIOGEOCHEMICAL STUDY SITES 

6.1. Introduction 

Lichen and moss communities were inventoried in three biogeochemical study sites in 
Ontario. Herbarium samples were taken and information on species composition, relative 
abundance, plant condition, and habitat was recorded at each site. 

6.2. Purpose 

The objective of the qualitative inventory of lichen and moss species was to document and 
rate the condition of these plants at the biogeochemical study sites, i.e., to establish a benchmark 
of current conditions for future comparison. This inventory was also to provide an evaluation of 
these sites as cryptogam habitat. 

6.3. Methods 

Inventories of lichens and bryophytes were to be conducted at the APIOS Biogeochemical 
sites in Ontario: Plastic Lake near Dorset, High Falls near Sudbury, and Hawkeye Lake near 
Thunder Bay. The inventory procedures were determined in consultation with the Liaison Officer 
of the Ministry. 

6.3.1. Equipment 

A variety of equipment was used for the collection of lichens and mosses including; a knife 
to scrape or cut lichens and mosses from the substratum; a chisel and hammer to sample epilithic 
species; a lOx hand lens; plant press; compass; white paper sample bags; water proof markers to 
label bags; a stapler to seal sample bags; a field note book to record site descriptions; and a camera 
to take photographs of habitat and lichens that could not be removed from their substratum. 

6.3.2. Sampling Procedure 

Bulk samples were collected in all maior plant communities ,it oach BCC site An atterrr* 
••vas made to sample iil lichen and moss species from ail substrates. Each samrle was labeled n 

:eld with the following information: site. date, habitat, suostratum. condition or v.- 
assessment, and relative abundance. In some instances, when a lichen could not be removed rrom a 
rock face, close-up photographs were taken for later identification in the laboratory. A 35 mm SLR 
camera with macro lens and electronic strobe was used. 

6.3.3. Sample Identification and Voucher Preparation 

Bulk samples were remoistened with distilled water in the laboratory, sorted, and pressed. 
Voucher specimens of the species identified were prepared, assigned collection numbers, and sets 
were deposited in the herbaria of the regional Ministry offices and in the National Museum of 
Canada, in Ottawa. The taxonomv follows Thomson (1979, 1984), Brodo (1981). Brodo and 
Hawksworth (1977), and Hale (1979). 

Information about sampling sites and voucher samples was archived in a microcomputer 
relational database. The reporting capabilities allowed automatic printing of the required 
voucher labels. 

>i.i. Results 

The following annotated catalogue includes 105 ta\a. It is based on the author s field notes, 
photographs and samples collected during field trips. No new species are reported tor Ontario. 
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The nomenclature basically follows Brodo (1981), Hale (1979), and Hale and Culberson (1970), in 
order of precedence. 

Approximately 1200 specimens were examined by the author during the course of the study. 
The numbers of the vouchers cited refer to the author's collection numbers. The collections from 
each APIOS Biogeochemical study site are grouped by species. 

Relative abundance ratings in the study have been assigned on the basis of the authors 
field observations and not necessarily on the basis of the number of voucher samples collected. As is 
common in cryptogamic biogeographical inventories, these are subjective ratings. In general, the 
term "Common' signifies that the species was found in many places throughout the study site. 
"Frequent" means that the species was found in several locations but tends to have a spottv 
distribution. "Infrequent" indicates that the species was not encountered very often. "Rare" means 
that the species was only found only once or twice in the whole time the author was investigating 
the site. The term "Abundant" is reserved for situations where the species was not onlv found in 
may places throughout the study site, but also occurred in large quantities. 

6.4.1. Hawkeye Lake 

In general, the lichen and moss community at Hawkeye Lake was more diverse than at 
either of the other two Biogeochemical study sites. It was also the most pristine. The 83 taxa 
recorded rarely showed injury, discolouration or deformation that was not typical of physical 
damage due to factors such as invertebrate grazing or natural senescence. 

Bacidia sp. Infrequent. (7630). Sterile thalli of this crustose lichen were, on occasion, round on the 
bases of Cedar trees. 

Bacidia chlorococca. Rare. This species occurs on bark and rotting wood. 

Bryoria capillaris (Ach.) Brodo & D. Hawksw. Infrequent. (8207) This species is undoubted lv 
more abundant than the number of collections would seem to indicate. It was collected from white 
birch twigs in coniferous woods. 

Bryoria furcellata (Fr.) Brodo & D. Hawksw. Common. (7515, 7516. 7529. 7530. 7531 . 8225) This 
Species was found on ail coniferous tree species, especially pine and spruce. It was sometimes rouna 
..n :*2Tium and renee posts. 

Bryoria lanestns (Ach.) Brodo & D. Hawksw. Frequent. (751b. "317, 7331. "532). This dark 
coloured species forms typical hairy masses on twigs of black spruce, white spruce, and occasionally 
on white birch. 

Bryoria simplicior (Vain.) Brodo & D. Hawksw. Frequent. (7516,7517,7531,7532,7915). Thalli of 
this species were usually found growing entangled with B. lanestns. When present, the greenish 
black soralia are characteristic of B. simplicior. 

Caloplaca saxicola. (Hoffm.) Nordin. Infrequent. This species was observed on rock. 

Cstrana cilians Ach. Frequent. (7483, 7505, 7810. 7883, 7917. 7918, 7919. 8150. 8153, 816°. S20 Q . 
8206, 8481). This species was encountered regularly on branches and twigs of Balsam fir. black 
spruce, white birch, and white spruce in open coniferous woods. It can be differentiated from the 
virtually identical C. hala by its lighter colour, better developed marginal cilia, and its negative 
UV reaction. 

Cetram hula W. Culb. & C. Culb. Common. (7351, "515. 7532. 7S77, 7SS0. 7SS1. 7.SS4. 7902. ~ Q 2;. 
8148, SI 70) This species was commonly encountered on twigs and branches of all coniferous tree 
species, but especially Balsam fir, at Hawkeye Lake site. It can be told from C. cilikris bv its 
slightly darker colour, less prominent marginal cilia and a UV+ reaction. 
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Cetraria pinastri (Scop.) S. Gray. Common. (7319, 7480, 7516, 7517, 7620, 7804, 7805, 7806, 7878, 
7888, 7984, 8109, 8182, 8183, 8186, 8232, 8329, 8330, 8331, 8339, 8340, 8341, 8343). This species was 
collected on lignum, rotting wood, bark of coniferous trees and white birch (especially at the base), 
rocks, boulders, moss over rocks, and stems of bushes in bogs. It was almost always found in 
association with Parmeliopsis ambigua which it superficially resembles, however, the bright 
lemon yellow colour of C. pinastri is distinctive when compared side to side with greenish vellow 
of P. ambigua. 

Cetraria sepincola (Ehrh.) Ach. Infrequent. This speaes was observed on twigs. 

Cladina mitis (Sandst.) Hale & W. Culb. Abundant. [Observations of C. arbuscula would be 
included here since no tests using the verv poisonous PD were done in the field due to the nature of 
the watershed]. (7283, 7284. 7371, 7499, 7500, 7593, 7594, 7814, 8136, 8137, 8138). This species is PD- 
which is the most reliable feature for separating it from C. arbuscula. This species was abundant 
on rock outcrops in clearings. It sometimes formed extensive mats. 

Cladina rangifenna (L.) Harm. Common. (7285, 7286, 7287, 7479, 7503, 7504. 7792, 7816, 7817. 7322. 
7823, 3142, 8143, 8143, 8144). This speaes was common on soii and humus near clearing associated 
with rock outcrops. 

Cladina stellaris (Opi2.) Brodo. Infrequent. This unmistakable species was observed on soil and 
amongst mosses. 

Cladonia sp. Common. (7107,7326,7511,7720,7774,7921). immature squamules of Cladoma were 
commonly encountered on bases oi trees, soil, stumps, fallen twigs, and chaiTed wood. This is 
interpreted as indicating that colonization of substrates is still going on. This in turn means that 
the extremely pollution sensitive propagules of lichens are viable. 

Cladonia bacillaris (Ach.) Nyl. Infrequent. This characteristic species was observed occasionally 
on humus, rotten logs and tree bases. 

Cladonia (Ach.) Schaer. Infrequent. This species occurs on rotten wood. 

Cladonia :hlorophaea (Floerke ex Somm.' Spreng. [inciuding Cladonia met trphaea. _'. 
:ryptochtorophaea. Z. zhiorophaea. and C. jrayi ]. Common. 7328, "373, 7554. 7586 7597 

7602, 7603. 7604, 7619. 7624. ~625. 7633, 7379). This species was common and '.videsprcau on soii. moss 
over rock, logs, and bases of black spruce and cedar trees. 

Cladonia coniocraea (Floerke) Spreng. Common. (7295, 7296, 7297, 7315, 7316, 7317, 7318. 7330. 7333, 
7360, 7510, 7595, 7600, 7611, 7612, 7630, 7635, 7638, 7731, 7734, 7735, 7737, 7738, 7742, 7744, 7745, 7756, 
7879, 7961, 8065, 8230, 8291, 8292, 8294, 8325, 8332, 8334, 8343). This species was commonly 
encountered throughout the study site on soil, amongst mosses over rock, on rotten logs, and on the 
bases of balsam fir, black spruce, white spruce, cedar, and white birch. 

Cladonia crispata (Ach.) Flot. Rare. (7502). This species was found once at Hawkeye Lake, in a 
clearing on thin soil over a rock outcrop. 

Cladonia cristatella Tuck. Frequent. (7318). This species is otten encountered on the edge or 
clearings growing on rotting logs, humus, organic soil and amongst moss growing over rock. The 
bright red apical apothecia of these "British Soldiers" are unmistakable. 

Cladonia deformis (L.) Hoffm. Infrequent. (7742). This species was occasionally found on well 
rotted wood and soil in moist areas. Usually only a few podctia would be found tocether 

Cladonia timbriata (L.) Fr. Frequent. (7489, 7508, 7361). This species was often encountered on the 
bases of spruce and birch trees but also occurs on thin organic soil over rocky outcrops. 
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Cladonia furcata (Huds.) Schrad. Frequent. (8217, 8218). This species was found on amongst mosses 
growing over rocks and humus in clearings. 

Cladonia gracilis (L.). Willd. Infrequent. (7364). This species occurs on soil, humus and amongst 
mosses in open areas, especially those associated with rock outcrops. 

Cladonia multiformis Merr. Frequent. (7280). This species occurs on soil, humus and amongst mosses 
in open areas, especially those associated with rock outcrops. 

Cladonia pleurota (Floerke) Schaer. Infrequent. This species occurs on soil and moss growing over 
rock. 

Cladonia pyxidata (L.) Hoffm. Frequent. (7770, 8210, 8212). This species was encountered on bare 
soil and rock outcrops. 

Cladonia squamosa (Scop.) Hoffm. Infrequent. (7617). This species occurs on well rotted logs and 
amongst mosses on soil or boulders. 

Cladonia uncialis (L.) Wigg. Frequent. (7372). This species was found on rock outcrops where it 
formed mats. It superficially resembles C. mitis but can be differentiated by its distinctive 
yellowish colour. 

Cladonia cervicornis ssp. verticillata (Hoffm.) Ahti [=Cladonia verticillata (Hoffm.) Schaer.]. 
Infrequent. This species occurs on soil. 

Collema fragrans (Sm.) Ach. Infrequent. (7812, 7813). This speaes was found only occasionailv, 
always on the base of deciduous trees. 

Dicranum sp. Common. (7292, 7293, 7294, 7298, 7299, 7300, 7366, 7367, 7404, 7407, 7480, 7493, 7565, 
7619, 7622, 7758). Cushion-like colonies of Dicranum species of moss were common in coniferous 
woods. 

Drepanocladus unanatus (Hedw.) Warnst. Frequent. (7624, 7625). This species occurs on rocks. 
boulders, and tree bases. 

-••:. nesomorpha Nyl. Common. 7315,7316,7319,7331.7332,7354,7515.7517.7529 7531,7532 
7722. 7723. 7723. 7730,7811. 7833, 7334. 7342. 7877 7881 7913. 7914. 7^3o, 8004. 3007, 305- - 
3131, 3180, 3205, 3206. 331t>). This distinctive species was very common at the Hawkeve Lake site. 
It was found on branches of almost all tree species. It occasionally was found on lignum and rock. 

Fistulariella dilacerata (Hoffm.) Bowler & Rund. Infrequent. (7923, 8177). This species was found 
on twigs of white spruce and balsam fir at about breast height. 

Hypogymnia sp. Common. (7728). Healthy immature thalli of Hypogymnia were commonlv 
encountered on branches, twigs and bark of trees. This is interpreted as indicating that colonization 
of substrates is still going on. This in turn means that the extremely pollution sensitive propagules 
of lichens are still viable. 

Hypogymnia physodes (L.) Nvl. Very common. (7316, 7319, 7320, 7321, 7325. 7515. 7516, 7532. 7~2b. 
7808, 7874, 7882, 7907, 7912, 7916, 7935, 7969, 7987, 7989, 8068, 8147, 8149, 3152, 8154, 8173. 8184, 31S6, 
8223, 8322, 8323, 8324). This species occurs on twigs and bark of coniferous and deciduous trees. 
lignum, and rarely on rock or soil. 

Hypogymnia tubulosa Schaer.) Hav. Infrequent. (780^). This species was found on balsam fir 

twigs. 

Lasallia papulosa (Ach.) Llano. Frequent. This species occurs on boulders and exposed rock. 
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^wZeUke^nUT 5 ' K SpeC1 !f ° f thlS gCnUS ^ encoun ^ on many substrates at the 
nawneye Lake site, on tree branches and twigs, and rotting logs. 

Ucidea spp. Common. (7106). Species of this genus were encountered on many substrates at the 
Hawkeye Uke .It., on tree branches and twigs, mtfing logs, chard stumps, and expos^ 

Parmelia spp. Common. (7427,8178,8179). Immature thalli of Parmelia spp. (probablv includine 
P. olivacea and P. septentnomlis i were commonly found on branches and exposeu rock ? 

Parmelia eiasperatula Nyl. Rare. Th,s speaes w as keyed out in the field on a single occasion. 
X"*" <L - > ACh ' tafreqUent (7506 - 7729 '- ™ S S P« ,es was found <**! °" «* bark of 

Parmeliajaiaulis (U Ach. Common. (7313, 7535, 7569, 7596. 7601. 7631. 7632, 7636, S293 829S) 

£ >hJZZ SUpe " ,C,all >' "n™ 1 * 5 Pa ™«" »'«* b«' -3 eas.lv differenfiated from the lade- 
by he presence of isid.a on the margins and ndges of the P. saxatm thallus. It occui^ed on 
boulders, rock outcrops, moss growmg over rock, lignum and bases of trees. 

— iM^^aE* ™ s species — °- - ••* «*-* •• 

Parmelm suarudecia Nyl. Infrequent This spec.es was observed on the bark of wh„e birch. 

Parmelia sulcata Tayl. Very common. (7315, 7316, 7318, 7319, 7321 7331 7332 7W7 7TJQ rwn 
7351, 7354, 7418. 7482, 7506, 7516, 7517, 7519, 7520. 7529, 7530 733 1MB 7639™ ™ -a, 2X' 

3E 7^' 2£ ^ -T 3 ' 7834 ' ^ 7M4 ' 7M6 ' ?847 - »* ** ' '.' ^ ™ ™ 79 ' ™' 
/905, 7906, 7910, 7912. 7913, 7915, 7916, 7918. 7922, 7923 7930 7932 '933 "-934 -IZ 70j-' -1-7 -r-,' 
7954. 7966, 7967, 7969, 7970, 7982. 7983. 7987. 7988 79 8 t 7904 799 5 ' ml' S^ot W S" San' ££' 
060. 806,. 3062. 3063. 3066. 8068. 8069. 8070. 8130 8,31, 313 2. 8,11 U8 ^' ££ ££' JS? 2?' 

>nd oases S'treTs^: ST^ST-' °" ** — 
Pamefia taracta, Kremp. Infrequent This species was found growmg loosely attached to rock. 

Parmeliopsis aleurites (Ach.) Nyl. Frequent. (7316, 7317, 7318, 7322. 7349 7350 7^54 78041 Th*. 
speaes occurs on dry lignum and cedar bark. ' ' 780 *'- ^ 

aMhe'base r^ (Wu "> ^ Frel ' uen, ■ (7805 >' ™> speaes is quite common on conifer bark 
p,na!, r r ■ °" r0 "' ng WOOd ' " IS USUa "y found in association with CeZia 

Parmeliopsis hyperopia (Ach.) Am. Frequent. (8342. 8186) This soecie, nrr-,,^ «, >h„ u 
conifers and deciduous trees, and on rotting logs, usually in asscSSon^^^. "" "^ °' 

PMigera aphthosa <L.) Willd. Frequent, This species occurs amongst mosses especially P 
scnreoeri. soil and rarely over rock. S mt " es - "penally P. 

Pe%™ Mta (L.) Wild. var. camna. Frequent. (7614. 7616. 7324. 7334. 7335). This lichen is 

n7, h apP !f ra r " ° CCU " °" h "" ldCrV • ,m0n ^' "— ' - th ' n »i1 over rock out cmU 

and occasionally on the bases of trees. ' 

PjlUgna eli-^elhae Cyeln. Infrequent. (7546). Occurs on soil and over mosses ,n open coniferous 
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Peltigera polydactyla (Neck.) Hoffm. sens, strict. Infrequent. (7329, 7543). Occurs on soil and 
over mosses in coniferous woods. 

Physcia adscendens (Fr.) Oliv. Frequent. This distinctive lichen occurs on deciduous trees and 
sometimes coniferous trees. 

Physcia aipolia (Ehrh.) Hampe. Common. This species occurred on many of the trembiing aspen 
trees. 

Physcia dubia (Hoffm.) Lett. Infrequent. (7350, 7569). Found growing on rocks and the trunks of 
cedar in open woods. 

Physcia millegrana Degel. Frequent. (7599, 7627, 7634, 7637). Occurs on the bases of cedar trees in 
open woods. 

Physcia stellaris (L.) Nyl. Frequent. This species occurred on deciduous trees and balsam fir in open 
woods. 

Pleurozium schreberi (Brid.) Mitt. Common. (7403, 7407, 8142, 8143, 8144). This feather moss occurs 
on soil, humus, and rock outcrops throughout the Plastic Lake study sites. 

Pseudoparmelia caperata (L.) Hale [= Parmelia caperata ] Frequent. (7323, 7355, 7356, 7357, 7420. 
8059). This species was found on baisam fir, cedar, lignum and rarely, on boulders. 

Psora scaiaris ( Ach.) Hook. Rare. This species was found once growing on a charred stump. 

Ramalina spp. Infrequent. (8175). Immature thalli of this genus were encountered on twigs and 
branches of coniferous trees. The thalli were often in the company of Usnea thalli. Both species 
are very sensitive to the phytotoxic effects of SO?- This is interpreted as indicating that 
colonization of substrates is still going on. This in turn means that the extremely pollution sensitive 
propagules of these lichens are still viable. 

Ramalina farinacea (L.) Ach. Infrequent. (7350. 7352. 7353). The species in verv sensitive to the 
cnvtotoxic effects of SCX It w as collected only on cedar. 

Ramalina americana Haie. Rare. (7934}. This species was found on the trunk of balsam fir at about 
breast height. 

Stereocaulon paschale (L.) Hoffm. Infrequent. This species occurs on soil and amongst mosses. 

Stereocaulon saxatile Magn. Infrequent. (7487, 7488). This species occurs in large clearings in 
coniferous woods growing on exposed acidic rock. 

Stereocaulon tomentosum Fr. Frequent. (7365, 8221). This species occurs on rock outcrops and thin 
soil over rock. 

Umbilicaria muhlenbergii (Ach.) Tuck. Frequent. (7425, 7514, 7522, 7523, 7847). This species occurs 
on granitic biotite gneiss boulders and exposed rock in coniferous woods 

Usnea cavernosa Tuck. Frequent. (7412,7529,7530). This species forms large pendulous masses i 10- 
30 cm) on branches of coniferous tree species. It is most abundant in the crown of the trees. 

Usnea certitina Ach. infrequent. (738 ] 7384. 7413 7414). This species occurs on branches of balsam 
fir. 
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Usnea hirta (L.) Wigg. [=Usnea glabrata). Infrequent. (8205). This species occurs on white birch in 
open areas. 

Usnea subfloridana Stirt. Common. (7331, 7332, 7349, 7412, 7483, 7517, 7532, 7726, 7811, 7914, 7914, 
7915, 7932, 7937, 7938, 7969, 8054, 8055, 8146, 8148, 8151, 8174, 8177, 8202, 8207, 8226). Very common 
in trees in open woods. 

Xanthoparmelia centnfuga (LO Hale [=Parmelia centnfuga]. Infrequent. Observed on boulders. 

Xanthoparmeiia conspersa (Ach.) Hale [=Parmelia conspersa]. Infrequent. (8211). Found on a 
rocky outcrop in coniferous woods. 

Xanthovarmelia taractica (Kremplh.) Hale [=Parmelia iaractica]. Infrequent. Found occasionally 
on exposed add rock. 

Xanthoparmelia tasmanica (Hook. & Tayl.) Hale. [=Parmelia tasmanica]. Rare. (7519). This 
species was encountered only once, on a boulder in coniferous woods. 

Xanthoria poiycarpa lEhrh.) Oliv. Infrequent. (8004,8005, 3006). This species was encountered on 
the bark of white spruce at about breast height in open coniferous woods. 

6.4.2. High Falls 

Twenty three lichen and moss taxa were encountered in the High Falls area. Manv of the 
lichens were difficult to identify in the field, or even later :n the '.aboratorv with ;he aid oi a 
microscope, because the thalli were so discoloured, distorted and eroded. 

Brachythecium sp. Frequent. This moss occurs on rotting logs. 

Caloplaca holocarpa (Hoffm.) Wade. Infrequent. This spedes was observed only on poplar trees. 

Cladina arbuscula (Wallr.) Hale & Culb. Infrequent. (7778. 7779, 8368). This species was 
encountered on thin soil on exposed sloping rock outcrops in mixed woods. It was immediateiv 
identifiable by its coarse secund branch tips. 

Cladina muis iSandst.) Hale & Culb. Frequent. (7303, 7363, 7775, 7776, ..'.'. 7780. 77S1, 77S2. 7~~~. 
7784, 7785, 7786, 7737. 33bo, 3367, 3371. 3373, 8374, 3375, 34 >. 5425). This species was mosi 
round growing on thin soii collected in depressions on rock outcrops. Thalli rrequentiv arpear. 
be 'bleached out" and were generally stunted. 

Cladina rangiferina (L.) Harm. Frequent. (8360, 8361, 8368, 8369, 8371, 8372, 8386, 8387, 8388, 8389, 
8390, 8391, 8392, 8393, 8394, 8395, 8396). This species occurs on humus in mixed woods or on thin soil 
in depressions on rock outcrops. 

Cladonia botrytes (Hag.) Willd. Infrequent. (8106, 8107, 8108, 8110, 8114). This species occurs on 
rotting logs and lignum in mixed woods. 

Cladonia chlorophaea (Floerke ex Somm.) Spreng. [including Cladonia merochlorvhaea. C. 
cryptochlorophaea, C. chlorophaea, and C. grayi ]. Frequent. (7400, 7924, 8114, 8422). This 
species occurs on rotting logs, humus in depressions on rock outcrops and soil. Manv or the podetia 
were discoloured and eroded. It was not found on the bases or trees. 

Cladonia comocraea (Floerke) Spreng. Frequent. (7379, 7925, 8106. 8107, 8108, 8110. 8113. 8114). 
Thi^ species was found on rotting wood and lignum Most r»J the thalli were discoloured and crod 

It was nut round on the bases or trees. 

Cladonia crispata (Ach.) Hot. Infrequent. (8362, 8363, 83b4, 8365, 8376, 8413, 8429). This species 



-82- 



was found on thin soil in depressions on rock outcrops. Many of the thalli were discoloured and 
eroded. 

Cladonia cristatella Tuck. Rare. (8111). This species was encountered very few times. The 
typically bright red apothecia were almost black in appearance. It was found on rotting logs. 

Cladonia ecmocyna (Ach.) Nyl. Rare. (8421, 8423). This species was collected from thin soil in a 
depression on a rock outcrop in mixed woods. The podetia were stunted and discoloured. 

Cladonia multiformis Merr. Rare. (8410, 8430). Stunted and discoloured podetia of this species 
were encountered very few times on thin soil in depressions on rock outcrops in mixed woods. 

Cladonia pleurota (Floerke) Schaer. Infrequent. (7302, 8424). This species was encountered a few 
times on thin soil in depression on rock outcrops. The thalli were always badly eroded and 
discoloured which made conclusive identification difficult. 

Cladonia sp. Infrequent. (7929, 7398, 8024). Eroded and discoloured podetia and squamules of 
Cladonia were encountered on logs, soil and rock. These thalh were too damaged, discoloured or 
distorted to permit identification to species. Some could be recognized as belonging to the 
Subsections Cocciferae, Thallostelides, and Cladoniae. 

Cladonia uncidlis (L.) Wigg. Frequent. (7303, 7363, 8385, 8414. 8418, 8419, 8420, 8431). This species 
forms small mats on rock outcrops in areas surrounded by mixed woods. 

Parmelia sulcata Tayl. Frequent. This species occurs on twigs and bark of poplar and maple. 

Plagwmmum sp. Infrequent. This moss was someUmes found on rotting logs. 

Polytrichum piliferum Hedw. Frequent. (7398). This moss was found on rock outcrops. It was 
generally eroded and discoloured. 

Stereocauion paschale (L.) Hoffm. Infrequent. (7398). Stunted, eroded and discoloured thaili of 
this lichen were encountered a few times on rock outcrops in mixed woods. 

Umbilicaria ^euslz 'L.) Baumt;. Frequent. 17376. "* Q1, "-26. ""92S . Smail thalli or this 

were round on NNE-facing rock outcrops in mixed woods. The thalh were never as larce or luxuriant 

as those collected in northern Ontario. 

Umbilicaria hirsuta (Sw.) Hoffm. Infrequent. This species was observed on rock outcrops where it 
was locally common. 

Umbilicaria hyperborea (Ach.) Ach. Infrequent. This species was observed on rock outcrops where 
it was locally abundant. 

Umbilicaria muhlenbergii (Ach.) Tuck. Rare. This species was found on a N-facing rock face near 
the edge of a mixed wood forest by a small intermittent run-off channel. 

6.4.3. Plastic Lake 

Forty-one lichen and moss taxa were encountered in the Plastic Lake area. Manv species 
were stunted and discoloured. 

Bacidia sabuletorum (Schrcb.) Lett. Frequent (7120): This species was frequently found on 
tcrncolous mosses and bark at the base ot trees in Maple-Oak woods. It was generally abundantly 
^ranuloseand rarely produced apothecia. 

Bryoria furcellata (Fr.) Brodo & D. Hawksw. Rare. (7865) Poorly developed, brittle ^apparently 
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dead) thalli of this lichen were collected from dead lower twigs oi white pine adjacent to Maple- 
Oak woods 

Cetraria ciliaris (Ach.). Rare. (8008). A single malformed specimen was collected on Red Oak in 
Maple-Oak woods This species can be differentiated from the more common C. halei (Culb.) by its 
lack of fluorescence when the medulla is exposed to UV light. 

Cladina arbuscula iWallr.) Hale & Culb. Rare. (7124). Stunted thalli of this species were found 
growing on the ground in clearings amongst white pine trees. Without a PD test, this species is 
difficult to differentiate from the much more common C. mitis (q.v.). 

Cladina mitis (Sandst.) Hale & Culb. Common. (7109. 7126, 7249, 7314, 7557, 7607, 8159, 8160. 
8161). This species was found in many places in the vicinity of the Plastic Lake Biogeochemical 
study site. It was sometimes locally abundant in growing over rock outcrops in clearings, but was 
almost always stunted and discoloured. 

Cladina rangiferma (L.) Nyl. Common. (7115, 7121, 7144, 7245, 7306, 7313, 7343, 7346, 7347, 7557. 
7578. 7609, 7762. S233, 8237, 3245). This species is the "true' reindeer lichen. It was the most 
abundant lichen species at the Plastic Lake Biogeochemical monitoring site. It was found 
throughout the area in exposed areas on thin soil amongst mosses or over rock outcrops. The blue- 
grey colour and tips drooping in one direction make it easy to identify. Relative to samples from 
northern Ontario, specimens from the Plastic Lake site were stunted and frequently discoloured. 

Cladina stellaris (Opiz) Brodo. Frequent. (8238, 8245, 8246, 8248). This species was sometimes 
round in exposed areas, growing amongst swards or J. mitis and C. rangiterina. The tig 
branched, rounded tufts of this species make it unmistakable. It was never conspicuouslv 
discoloured or stunted. 

Cladoma sp. Frequent. (7131, 7344, 7348, 7605, 8000, 8001, 8076, 8080, 8081, 8082, 8083) Sterile, 
unidentifiable Cladonia squamules were frequently encountered on rotten wood, humus, soil, and 
moss over rocks in shaded clearings in Maple-Oak woods 

Cladonia cenotea tAch.) Schaer. Infrequent. <7117, 7308). Stunted and discoloured thalli oi this 
species were found on well rotted wood on the ground in Maple-Oak woods. 

Cladonia chlorophaea tFloerke ex Sornm) Spreng. Infrequent. 7114. 7339). Stunted podeti 
this species were round on rotting wood. Sterile squamuius or Cladonia commonlv encountered mav 
have been this species. 

Cladonia coccitera (L.) Willd. Frequent. (7341, 8164, 8168). Generally widespread and well 
developed with large bright red apothecia in more northerly areas, this species was discoloured 
and eroded at the Plastic Lake site. The apothecia were very dark red-brown to black. It was 
collected from thin soil over rock in Maple-Oak woods. 

Cladonia coniocraea (Hoerke) Spreng. (7550) Rare. This species is generally common on humus and 
rotting logs in closed woods. Hale (1979) reports it as being "probably the most frequently collected 
pointed Cladonia without apothecia." At the Plastic Lake site it was rarely encountered; and then 
it was stunted and discoloured. 

Cladonia crispata (Ach.) Flot. Frequent. .(7118. 7146, 7174. 7243. 7244, 7556, 7557, 7244). Stunted 
thalli of this species were collected on soil and among mosses in Maple-Oak woods. 

Cladonia deformis (L.) Hoffm. Frequent. (7108, 7247, 7303, 7551, 7553, 7554, 7555, 7577, 7579, 7724. 
8162, 8166, 8167, 8235, ^24^. 8250). Thalli of this species were typically stunted, browned ind 
discoloured. It was collected on rotting logs and moist organic soils in open areas Oak 

woods, 
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Cladonia furcata (Huds.) Schrad. Infrequent. (8244). This species was found on humus and on moss 
covered rocks, usually in shaded areas. 

Cladonia multiformis Merr. Frequent. (7113, 7117, 7305, 7551, 7553, 7246). This species was 
frequently encountered on soil amongst mosses but was never abundant. Most thalli were discoloured 
and stunted. 

Cladonia pleurota (Flk.) Schaer. Common. (7108, 7116, 7143, 7147, 7150, 7307, 7309, 7345, 7349, 
7558, 8265, 7549, 7767). This species was common on soil and humus over rocks, but it was never 
abundant. Most of the specimens collected were eroded and discoloured. 

Cladonia pyxiaata (L.) Hoffm. Common. (7120, 7147, 7339, 7562, 8145, 7241, 7242, 7724, 7768). This 
species was common on humus and soil over rocks in open areas. It was frequently eroded and 
discoloured. These conditions were not typical of sun-burning. 

Cladonia squamosa (Scop.) Hoffm. Infrequent. (7126). This species was encountered only a tew 
times at the Plastics Lake site. It occurred in shaded areas on logs and moss. It was often stunted 
and discoloured. It could be confused with deformed C. multiformis but it fluoresces brilliant white 
in UV light. 

Cladonia strqjsilis (Ach.) Vain. Infrequent. (8072, 8077, 8264). This species was found growing as 
compact mats on soil in open areas and between rocks. No podetia were noted. The usually creamy 
white lower surface of the well developed squamules were often discoloured to brownish. 

Cladonia turgida (Ehrh.) Hoffm. Rare. (7557). This species was encountered only a few times and 
the colonies were never extensive. The primary squamules were large and well developed. Rather 
than being typically chalky white, the undersides of the squamules had a brownish cast. 

Cladonia uncialis (L.) Wigg. Common. (7116, 7118, 7123, 7145, 7153, 7248, 7312, 7314, 7338, 7342, 
7558, 8240, 7579, 7248). This species was common on soil and amongst mosses in open areas. It was 
frequently discoloured and stunted. Inexperienced collectors often confuse this species with Cladina 
which it superficially resembles. 

Dermatocarvon miniatum (L.) Mann. Infrequent. (7866). Small pooriy developed specimens or this 
species were occasionally encountered on en rock outcrops. 

Dicranum sp. Frequent. (7131). Stenie coionies oi Dicranum were encountered on rotten wood and 
humus over rock. 

Hypogymnia physodes (L.) Nyl. Common. (7895, 7896, 7980, 7981, 8078). This foliose lichen was 
commonly encountered on twigs, wood and bark of Maple, Oak and Pine. The thalli were often 
stunted and had a dark splotchy appearance instead of being light mineral grey in colour. Soralia 
were small, poorly formed and often barren. 

Lecanora impudens Degel. Frequent. (7864, 7898). This lichen usually occurred as a sterile greenish 
grey crust on bark with discrete soralia which can run together leaving older parts of the thallus a 
mass of soredia. It was collected from Maple and Oak bark. 

Lecidea granulosa (Ehrh.) Ach. Infrequent. (7127). This species was sometimes encountered on soil 
in Mapie-Oak woods. 

Lepraria finkii (B. de Lesd.) R. Harris, ined. (7980). Infrequent. This species was collected from 
the base of White Tine trees. It may have been more common but similar crusts were not surficicntlv 
developed to be identified. 

Nephroma resupinatum (L.) Ach. Rare. This species occurs on the base oi poplar trees. 
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Parmelia rudecta Ach. Frequent. (7864, 7867). Small thalli of this species, often discoloured and 
eroding, were frequently encountered on Oak bark. The surface of the thalli were often densely 
isidiate. 

Parmelia subaunfera Nyl. Infrequent. (8009). Several badly eroded thalli of this species were 
found on the bark of Oak trees. Remnants of what appeared to be former thalli were encountered 
not uncommonly but their identity could not be confirmed. 

Parmelia sulcata Tayl. Common. (7896. 7898, 7975. 7990, 7991, 7998, 7999, 8013, 8017, 8018, 8019). 
This speaes was commonly encountered on bark and twigs of Maple and Oak, wood and occasionally 
rocks. The thalli generally had a reddish-brown discolouration and older parts were often badlv 
eroded. 

Parmelia soredica Nyl. [=Parmelia ulophyllodes] Rare. (7976, 3013). This species was encountered 
occasionally on Oak. The typical marginal soralia were generally badlv eroded or absent, and the 
thalli were darker green rather than yellowish green. 

Parmelia taraciica Kremp. [=Xanthoparmeiia taractica] Rare. (7978). This species was found only 
a few times on rock. The thalli were discoloured and the older central portions had been 
considerably eroded. 

Polytrichum juniperinum Hedw. Common. (7343, 7557, 7554, 7724). This species occurs on soil and 
rocks in dry partially exposed areas in Maple-Oak woods. 

Polytrichum piliferum Hedw. Common. .'7174. "34. "56. 7362). This species occurs on thin soil 
over rock in exposed dry clearings on the ground in Mapie-Oak woods 

Scoliosporum chlorococcum (Graewe ex Stenh.) [=Bacidia chlorococca ] Frequent. (7114) A sterile, 
dark green, granulose crustose lichen commonly found on shaded bark and wood, and on lignum on 
the ground in Maple-Oak woods. 

Stereocaulon paschale (L.) Hoffm. Frequent. (7142. 7250, 7340. 3263). Stunted thalli oi this species 
were frequently encountered on humus and amongst mosses in Mapie-Oak woods. 

Sicrcocaulnn saxatile Magn. Frequent. f7765 7766) Stunted :haUi or -nis species were freaui 
wintered on rock :n Maple-Oak woods, 

Kaulon tomentosum Fr. Frequent. f7724, 7978, S26o). stunted thalli of this s D eaes , 
frequently encountered on sandy soii and on exposed rock. This species can be readily separated 
from S. paschale by the presence of conspicuous and continuous tomentum on its podetia. 

Umbilicaria deusta (L.) Baumg. Infrequent. (7868. 8084). This species was collected on exposed 
rock. 

6.5. Assessment of BGC Sites as Cryptogam Habitat 

The cryptogamic flora at the Hawkeye Lake Biogeochemical studv site was the most 
undisturbed or intact of the three sites examined. The flora of the other two sites. High Falls, near 
Sudbury, and Plastic Lake, near Dorset, had been damaged. 

High Falls had a poor and depauperate cryptogamic flora, relative to that or Hawkeve 
Lake. The major lichen communities surviving were found in protected microclimates or were 
acidophilic lichen communities growing on sloping rock outcrops where water runs off quicklv. 
Almost no lichens or mosses occur on tree branches, twigs or bark above 10 cm r'rom around level, 
hytic frunco5c lichens were totally absent. Lichens examined were tvpicalh discoloured, 
stunted and eroded. Very few -^ns or propagation were observed, rather, the cryptogamic flora 
appeared to consist mainly of remnant communities of pollution resistant species. 
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Plastic Lake had a richer cryptogamic flora than High Falls but poorer than that or 
Hawkeye Lake. Many of the species found at the Plastic Lake site were stunted, discoloured, and 
eroded. No epiphytic fruticose lichens and very few epiphytic foliose lichens were observed. The 
cryptogamic flora was dominated by a comparatively small number of terricolous species at Plastic 
Lake, whereas at Hawkeye Lake the flora consisted of a diverse assortment of terricolous and 
epiphytic crustose, foliose and fruticose species. 

6.6. Conclusions 

The cryptogamic flora at the Hawkeye Lake site in MW Ontario were relatively 
undisturbed. In contrast, flora at the High Falls site, near Sudbury, had been severely damaged. 
The remaining lichen communities at that site appear to be composed largely of acidophilic 
species. At Plastic Lake, south of Dorset, the cryptogamic flora had started to show impact but the 
damage was not as severe as at High Falls. The lichen flora at Plastic Lake was less diverse than 
at Hawkeye Lake, and many of the species are stunted, discoloured, and eroded. 
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7. POPULATION DYNAMICS 

7.1. Introduction 

Population dynamics in mosses and lichens could be a useful indicator of the impacts of 
acidic precipitation. Methods of monitoring changes in population characteristics and 
physiological processes of cryptogamic plant species and relating these changes to the effects of 
acidic deposition are discussed in this section. 

7.2. Purpose 

The feasibility of various methods was to be determined for the study of possible changes in 
geographic distnbution, populanon dynamics, growth, and reproductive processes of lichens and 
bryophytes in Ontario which could be related to acidic deposition or other long-range transport 
pollutants. 

This report presents the results of the survey and the interpretation oi their reievance. in 
addition, it presents a discussion of the relationships among the elemental contents of the lichens 
and mosses with respect to sources of the elements measured in the lichens and mosses. 

7.3. Methods 

It has been demonstrated that the eiementai compositions or lichens and mosses become 
increasingly similar to those of the pollutants to which thev are exposed as the pollutants or 
pollutant by-products accumulate in the plant tissues. Element content analyses of lichens and 
mosses can therefore be used to monitor acid precipitation distnbution. 

Several processes must be taken into consideration when studying changes in natural lichen 
and moss populations. 

For example: 

• jhanees in numbers mav not occur; 

• changes in dry weight, growth rate, morpnoiogv and reproductive success mav til 
reflect environmental changes and /or increased intenerence rrom other species; 

• a change in actual number of mature individuals is more gradual, especially when 
perennial species such as lichens and mosses are concerned. 

All of the above are influenced by pathogens, season, biotic factors, genetic factors, 
microclimate and competition. These factors are in turn influenced directlv bv the pollution 
exposure history (i.e., concentration, duration, frequency, susceptibility and recovery). 

Perennial lichen and moss populations respond directly to an environmental stress the same 
way as non-cryptogamic plant species. Over the short term, the latter have better compensator/ 
mechanisms which operate at the expense of increased resource consumption. Thev gradual lv 
approach a situation where some resource becomes limited. Impact on lichen and mosses will be 
reflected in changes in biomass production, propagule size, propagule vitality, reproductive success, 
morphology, and resource pool levels. The long-term effects are not known. 

Studying lichen and moss physiology or population dynamics could pi nd rh warning 
indications concerning concurrent similar processes in higher plant-. Many techniques are 
potentially useful for studying the effects ot acid precipitation on lichen and moss population 
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7.4. Results and Discussion 

7.4.1. Assessing Cryptogam Population Dynamics 
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7.4.2. Population Dynamics Feasibility Study Design 

The impact of acidic precipitation on lichen-moss population dynamics could be 
investigated by establishing study plots at several sites known to be in zones of different acidic 
precipitation deposition but which are otherwise analogous. The existing APIOS Biogeochemical 
studv sites are well suited for this purpose. Although some differences in floristic composition were 
found during the site inventory there is sufficient overlap to permit a valid comparison. At each 
site, a vanetv of parameters, such as membrane permeability, biomass production, net 
photosvnthesis, respiration, chlorophyll content, annuai growth, and cover could be investigated to 
determine their value for monitoring population dynamics. Other techniques, such as infrared 
photography or UV-fluorescence microscopy, could also be assayed. Seasonally and event collected 
precipitation data as well as current air quality monitoring data would provide the information 
necessarv to evaluate the contributions of wet and dry deposition to elemental content and 
physiological status of the species being monitored. 

This project would provide a means of increasing the relevance of more routine 
biomorutonng. This type of study would be suitable for a MSc graduate student research project. 

7.5. Conclusions 

Cryptogams are useful as biological monitors of atmospheric contamination because most 
pollutants, or their by-products, can accumulate to high levels in the tissues of these species. It is 
also well known that lichens and mosses are excellent bioindicators and the impacts of some 
contaminants such as S<> can be detected through measurable physiological changes. 

In Ontario, the study of lichen and moss population dynamics couid provide early warning 
indications of the impact of acidic precipitanon on the environment. This should be investigated 
by establishing study plots at appropriate locations where the techniques discussed in this section 
could be used to monitor population dynamics. The data obtained from this type of study should be 
evaluated with respect to precipitation and air quality monitoring data. 
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8. SUMMARY 

Comparison of elemental contents in Cladina mitis with those of C.rangiferina revealed 
good agreement between the two species. Plotting elemental concentration measurements for C. 
mitis against those of C. rangiferina demonstrates this agreement and yields correlation 
coefficients typically greater than 0.95. 

The elemental contents of C. mitis and Pleurozium schreberi are similar but there is more 
variability than between Cladina species. 

The chemistry of precipitation in Ontario is a factor contributing to the contents of some 
elements measured in lichens and mosses. It is not the only factor, however, nor the major one. The 
principal factors affecting the content of bioactive elements in lichens and mosses appear to be 
gaseous and particulate emissions from point sources, wind-blown dust, and elements derived from 
subsurface minerals dissolved in surface run-off water. 

Variation was found in the elemental content of Al, Cr, Cu, Mn, Pb, and S in C. mitis 
collected in the vicinity of Sudbury over a period of two years. Element levels in C. mitis showed 
little variation over time at Hawkeye Lake, a remote site in NW Ontario. Element levels showed 
a large increase in concentration in samples collected near Sudbury dunng the period from 
September 1982 to May 1983. This was followed by a decrease in concentration at least until May 
1984. As of July 1984 a trend of increasing concentration had developed and levels were still higher 
in October 1984. 

A method is described for monitoring changes in iichen and moss populations which could be 
related to acidic deposition and other long-range transport pollutants. This method is based on 
map comparison techniques, using isopach and matnx product maps produced with standard 
normalized data, to study the relationships between elemental contents of a bioaccumulator and 
monitoring data gathered during the growing season of the vegetation. These mapping techniques 
allow contributions of various inputs to be assessed and presented as an intuitive graphic display. 

Although it has been shown that lichen chemistry can be related to atmospheric deposition 
near point sources, the density of sampling sites was not sufficient to permit mapping the patterns or 
concentration in great detail. However, general regional trends similar to those described bv 
Zakshek and Puckett 1 1°86) in an independent study were once again clearly demonstrated in this 
>rudy. It arrears that the contribution of contaminants :n acidic precipitation is in the mo<' 
seconuarv :o that rrom other sources. 
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9. RECOMMENDATIONS 

It is suggested that a survey of lichen and moss elemental content be made in areas 
experiencing maple die-back to determine if die-back potential can be related to sensitive 
bioindicators and thereby mapped. 

It is suggested that a study of bioactive metals in smail mammal tissues be conducted in 
areas identified as having significantly elevated metai levels in the lichen and moss 
biomonitonng species to determine if metals are building up in the food chain. 

It is suggested that the K + efflux techniques be tested in coniunction with elemental 
analysis to attempt a calibration of the two methods. This would permit metai content of lichen 
thalli to be related to physiological impact as revealed by increased membrane leakage of K~ 

Significant levels of bioactive elements have accumulated in lichens and mosses at some of 
the sites studied. Similar accumulations may be occurring in vascular plants at those sites. It is 
suggested that three study sites be established, one at each oi the biogeochemical study sites, to 
monitor for changes in forage quality. 

It is suggested that growing season precipitation chemistry data ( wet deposition) and 
growing season air monitoring chemistry (dry deposition) be investigated to see how much of the 
variability in the lichen and moss elemental contents can be explained by these factors. Map 
comparison techniques, including isopach and product maps, should be used to document the relative 
contribution oi each tactor. 

Zakshek and Puckett (1986) were able to find samples adequate for analysis at several sites 
in southern Ontario. Their sampling sites should be included in any future repeated collection of 
lichen samples. 

Future resurveys should concentrate on the collection of Cladina and Evernia species of 
lichen. The moss. Pleurozium schreberi, had an elemental composition which was sufficiently 
different from that of the iichens that it was difficult to compare them. 
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APPENDIX A: Elemental Contents of Lichen and Moss Samples Collected in Ontario. 
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3.0 


3 


1080 


12255 


ELA 


C. muis 


w 


S 


A 


14-Sep-82 


750 


870 0.20 <0.01 


2.0 


1 


720 


12252 


ELA 


C. muis 


w 


s 


B 


14-Sep-82 


510 


670 0.20 <0.01 


1.0 


1 


530 


12238 


ELA 


C. rangiferwa 


w 


s 


A 


14- Sep- 82 


560 0.36 1450 0.20 <0.01 


1.0 


2 


510 0.03 


12236 


ELA 


C. rangiferwa 


w 


s 


B 


14-Sep-82 


500 


710 0.20 <0.0l 


1.0 


j 


490 


12237 


ELA 


P. schreben 


w 


s 


A 


14-Sep-82 


690 0.3 3410 1.70 0.010 


3.0 


5 


720 0.06 


'.2244-) 


ELA 


P. schreben 


w 


s 


B 


14-Sep-82 


730 


3280 0.40 <0.01 


5.0 


5 


770 


12273 


Elgin 


C. milts 


w 


s 


A 


2-Sep-82 


360 


690 0.20 <0.01 


1.0 


1 


330 


12102 


Elgin 


C. muis 


W 


s 


B 


2-Sep-82 


380 


340 0.20 <0.01 


1.0 


-• 


380 


12158 


Elgin 


C. mitts 


W 


s 


C 


2-Sep-82 


480 


540 0.30 <0.01 


1.0 


2 


520 


12224 


Elgin 


C. rangiferwa 


w 


s 


A 


2-Sep-82 


330 


1060 0.20 <0.01 


1.0 


3 


340 


12168 


Elgin 


C. rangiferwa 


\v 


s 


B 


2-Sco-82 


270 


710 0.20 <0.01 


0.9 


i 


260 


12169 


Elgin 


C. rangiferwa 


w 


s 


C 


2-Sep-82 


460 


530 0.20 <0.01 


1.0 


-i 


510 


12175 


Elgin 


P. schreben 


L 


s 


A 


2-Sep-82 


690 


3930 0.50 0.010 


3.0 


6 


710 


12149 


Elgin 


P. senreoen 


A 


s 


1 


2-Sep-32 


850 


4720 0.80 0.010 


4.0 


5 


360 


:2125 


Ely 


C. muis 


w 


s 


A 


5-Sep-82 


490 


320 0.20 0.050 


1.0 


: 


780 


12031 


Ely 


C. muis 


w 


S 


B 


5-Sep-82 


690 


1010 0.30 <0.01 


2.0 


j 


1240 


'.2059 


Ely 


C. muis 


w 


s 


C 


5-Sep-82 


490 


510 0.20 0.010 


1.0 


I 


830 


12071 


Ely 


C. muis 


w 


s 


D 


5-Sep-82 


640 


740 0.20 0.070 


2.0 


j 


1160 


12086 


Ely 


C. mil is 


'A 


s 


E 


5-Sep-82 


710 


880 0.20 <0.01 


1.0 


1 


1290 


12245 


Ely 


C. rangiferwa 


W 


s 


A 


5-Sep-82 


630 


620 0.30 <0.01 


2.0 


2 


1220 


12050 


Ely 


C. rangiferwa 


w 


s 


B 


5-Sep-82 


640 


680 <0.1 <0.01 


0.9 


1 


1170 


12053 


Ely 


C. rangiferwa 


w 


s 


C 


5-Sep-82 


570 


750 0.20 <0.01 


1.0 


2 


1060 


12057 


By 


C. rangiferwa 


w 


s 


D 


5-Scp-82 


680 


720 0.20 0.060 


1.0 


2 


1120 


12083 


Ely 


P. schreberi 


L 


s 


A 


5-Sep-82 


1050 


3350 0.30 0.030 


2.0 


4 


1610 


12052 


Ely 


P. schreberi 


w 


s 


B 


5-Sep-82 


1540 


4150 0.50 0.030 


4.0 


4 


2030 


12078 


Ely 


P schreben 


L 


s 


e 


5-Sep-82 


920 


3410 0.40 <0.01 


2.0 


4 


1450 


12067 


EmtfB 


C. mtlis 


W 


s 


A 


13-Aug-82 


470 


490 0.40 <0.01 


10 


21 


710 


121 -• 


Emit 


C. rangiferwa 


'A 


s 


A 


13-Aug-82 


560 ;. 


19 460 40<0.01 


2.0 


25 


330 0.04 


12131 


EflHM 


C. rangiferwa 


'.V 


s 


B 


I3-Aug-82 


590 


320 040 <0.0l 


2.0 


:: 


1000 


12137 


Estaue 


C. rangiferwa 


w 


s 


C 


13-Aug-82 


400 


260 0.20 <0.01 


1.0 


5 


390 


1213S 


Baton 


P. schreben 


w 


s 


A 


13-Aug-82 


1170 1. 


38 2810 1.30 0.020 


5 


~6 


1850 0.10 


12219 


Eva Lake 


C. muis 


w 


s 


A 


12-Scp-82 


390 


430 0.10 0.010 


: o 


1 


490 


12032 


Eva Lake 


C. muis 


w 


s 


3 


12-Sep-82 


410 


370 0.20 <0.01 


1.0 


1 


550 


12034 


Eva Lake 


C. muis 


w 


s 


c 


12-Sep-82 


590 


840 0.20 <0.01 


2.0 


- 


900 


12038 


Eva Lake 


C. rangtfenna 


w 


s 


A 


l2-Sep-82 


480 


420 0.10 <0.01 


: 


-> 


650 


'.2047 


Eva Lake 


C. rangiferwa 


w 


s 


B 


;2-Seo-82 


720 


900 0.20 <0.01 


2.0 


2 


1210 




Eva Lake 


P senreoen 


L 


s 


A 


12-Ser>82 


940 


3770 40 <0.01 


3.0 


4 


1400 


12035 


Eva Lake 


P schreoeri 


'A 


s 


B 


12-Sep-82 


1040 


3450 0.30 <0.01 


4.0 


4 


1560 


12036 


Forbes 


C. mills 


w 


s 


\ 


6-Sep-82 


710 


630 0.20 <0.01 


2.0 


1 


780 


1202" 


ForOes 


C. mtlis 


w 


s 


B 


6-Seo-82 


810 


10 <0.01 


: o 


i 


040 


1 2qt*< 


Forces 


C. rangiferwa 


w 


s 


•\ 


r>-.->cn-«2 


• 


••"' 1.20 <0 01 


- 


: 




- ;• 


Forces 


C 'Znguennj 


w 


5 


B 


f> Sep- SI 


390 




6 


i 


u ■ 


: : 


Forces 


P schreoeri 


w 


5 


A 


•>-ktv>2 


1090 


5270 40 <0 01 


6 


s 






Forces 


P senreoen 


W 


s 


: A 


f>Sep-82 


1410 


'-: 0.50 0.020 


4 D 


5 


1610 


12235 


ForOes 


P schreoeri 


w 


s 


c 


6-Sep-82 


4620 


5490 070 0.010 


90 


S 


5260 




Gowganda 


C. muis 


w 


s 


\ 


I-Seo-82 


390 


2640 040 <0.01 


2.0 


3 


480 


12182 


Gowganda 


C. rangiferwa 


w 


s 


A 


l-Sep-82 


400 


730 0.50 <0.01 


2.0 


3 


450 


12192 


Gowganda 


P. schreben 


L 


s 


A 


l-Sep-82 


880 


4160 0.80 <0.01 


5.0 


7 


1130 


12200 


Hawkeye Lake 


C. muis 


A 


s 


A 


t2-Sep-82 


640 


2180 0.20 <0.01 


2.0 


i 


800 


12264 


Hawkeye Lake 


C. milis 


w 


s 


A 


3-Oa-83 


440 


430 <0.1 <0.01 


0.9 


2 


490 


11567 


Hawkeye Lake BGC C. muis 


w 


T 


A 


21-Jul-83 


510 


1100 0.20 <0.01 


1.0 


2 


510 0.10 


11798 


Hawkeye Lake BGC 


C. milts 


w 


T 


\ 


3-Oa-83 


460 


880 0.20 <0.01 


1.0 


2 


570 


11808 


Hawkeye Lake BGC 


C. muis 


w 


T 


A 


16-May-84 


540 


890 20 <0.01 


1.0 


2 


510 


11771 


Hawkeye Lake BGC 


C. muis 


w 


T 


A 


12-Jul-84 


550 


1300 0.20 <0.01 


4.0 


3 


530 


11781 


Hawkeye Uke BGC 


C. muis 


w 


T 


A 


19-Oct-84 


450 


960 0.20 <0.01 


3.0 


i 


490 


■ 


Hawkeye Lake 


C muis 


w 


s 


B 


J-Oa-83 


430 


460 <0.1 <0.01 


0.9 


2 


510 


11568 


Hawkeye Lake BGC 


C. muis 


w 


T 


B 


21-Jul-83 


370 


810 20 <0.01 


2.0 


T 


390 


11799 


Hawkeye Lake BGC 


C mil is 


w 


T 


B 


3-Oct-83 


760 


920 020 <0.01 


2.0 


J 


920 


■ 


Hawkeye Lake BGC 


C muis 


W 


! 


B 


lf>.V1av-84 


410 


960 20 <0.01 





t 


490 


11772 


Hawkeye Lake BGC 


C muis 


w 


T 


I? 


12-Jul-84 


720 


1300 20 <0 01 


s.o 


T 


7 SO 


I17S: 


Hawkeye Lake BGC 


C muis 


\K 


T 


B 


I9-OM-84 


810 


tOOfl )20 <0.01 


10 


-i 


U 




Hawkeye Lake 


C muis 


w 


S 


C 


3-0a-83 


400 


410 10 <0.01 


0.9 


4 


430 


11563 


Hawkeye l.akc BGC 


C muis 


w 


'I 


C 


21-Jul-83 


440 


:o<ooi 


0.9 


■> 


n 




ilawkcyc Lake BGC 


C muis 


A 


T 


r 


J-Oa-83 


490 






2 


5ia 




HawfcQ 


C mitL' 


A 


! 


C 


|6-\fav-JM 


500 


■ 


2 


-» 


•■ i 


,,-,, 


Hawkeye Lake BGC 


C mitts 


w 


! 


c 


12 Jui-S4 


620 


950 20 -o Ul 


3.0 


: 




irso 


Hawkeye Lake BGC 


C mil is 


'A 


r 


c 


19-C<t-84 


530 


1100 0.20 <0.01 


90 


^ 


■ 




Hawkeye Lake 


C. rangiferwa 


w 


s 


A 


l2-Sep-82 


710 


1350 0.20 <0.01 


2.0 


1 


840 


1226" 


Hawkeye Lake 


C rangiferwa 


w 


s 


A 


3-Oa-83 


500 


510 <0.1 <0.01 


1 


3 


590 


11564 


Hawkeye Lake BGC 


C. rangiferwa 


w 


T 


A 


21-Jul-83 


410 


760 0.20 <0.01 


2.0 


-i 


400 


11803 


Hawkeye Lake BGC C. rangiferwa 


w 


T 


A 


3-Oa-83 


330 


880 0.20 <0.01 


2.0 


2 


360 


11812 



Locauon 



Soeaes 



Grinding Sample Replicate 
Method Type 
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Daie 



Al As Q Q CI 
u g/g Hg/g ag/'g ng/g % 



Hawkeye Lake BGC C. rangifenna 
Hawkeye Lake BGC C.rongftrina 
Hawkeye Lake BGC C rangifenna 
Hawkeye Lake C. rangifenna 

Hawkeye Lake C. rangifenna 

Hawkeye Lake BGC C. rangifenna 
Hawkeye Lake BGC C. rangifenna 
Hawkeye Lake BGC C rangifenna 
Hawkeye Lake BGC C. rangifenna 
Hawkeye Lake BGC C. rangifenna 
Hawkeye Lake C. rangifenna 

Hawkeye Lake BGC C. rangifenna 
Hawkeye Lake BGC C. rangifenna 
Hawkeye Lake BGC C '. rangifenna 
Hawkeye Lake BGC C. -anwenna 
Hawkeye Lake BGC C. rangifenna 
Hawiceye Lake P. schrtben 

Hawkeye Lake p jchrtben 

Hawiceye Lake BGC P. senreoen 
Hawkeye Lake BGC P. schrtben 
Hawkeye Lake BGC P schrtben 
Hawkeye Lake BGC P schrtben 
rtawKeve Lake BGC P senreoen 
Hawkeye Lake P. schrtben 

Hawkeye Lake BGC P. schrtben 
Hawkeye Lake BGC P. schrtben 
Hawkeye Lake BGC P. schrtben 
Hawkeye Lake BGC P. schrtben 
Hawkeve Lake BGC P schreben 



Cr Cu Fe Hg Sample 
Hg/g Hg/g ug/g jigyg Numoer 



Hawkeye Laxe 
Hawkeye Luce BGC 
Hawiceye Lokc BGC 
Hawkeye Lake BGC 
Hawkeye Lake BGC 
Hawkeye Lake BGC 
Hawkeye Lake 
High Falls 
High Falls BGC 
High Fails BGC 
High FaiJs 3GC 
High Fails BGC 
High Fails BGC 
High Fails BGC 
High Fails BGC 
Hi an Fails BGC 
High Falls BGC 
High Fails BGC 
High Fails BGC 
High Fails BGC 
High Fails 
High Falls BGC 
Hjgh Falls BGC 
High Fails BGC 
High Falls BGC 
High Falls BGC 
High Fails BGC 

High Fails BGC 

High Falls BGC 

Hign Falls BGC 

High Falls BGC 

High Falls BGC 

High Fails BGC 

High Falls BGC 

High Falls BGC 

High Fails BGC 

High Falls BGC 

High Fal 
High Falls BGC 
High Falls BGC 
High Fails BGC 
High Falls BGC 
High Falls BGC 



schrtben 
senreoen 
senreoen 
senreoen 
schreben 
schreben 
schreben 

mitis 

mitts 

muts 



mitis 
C mitis 
C. mttts 

C nuu 
ni/tt 

'-" -tt/iV 

C •nuts 

•2 mitts 
C muts 
C. muts 
C, rangifenna 
C. rangifenna 
C. rangifenna 
C. rangifenna 
C. rangifenna 
C. rangifenna 
C. rangifenna 
C. rangifenna 
C. rangifenna 
C. rangifenna 
C. rangifenna 
C. rangifenna 
C. rangifenna 
C. rangifenna 
P schreben 
P senreoen 
P schreben 

veoen 
P schreben 
P schrer*r\ 
P schreben 
P schreben 
P schreben 



w 
w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

W 

w 
w 

w 

w 

vv 

w 

w 
.v 

w 
w 
w 
w 
w 
w 
vv 
w 

A. 
VV 

w 

w 

vv 

vv 

w 

vv 

vv 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

vv 

\v 

w 

w 

w 
vv 
v\ 
w 
w 
vv 
w 
vv 



T 
T 
T 

s 

s 
T 

T 

T 

T 
S 
7 
T 

T 
T 

T 

s 
s 

T 

T 

T 

T 

T 

S 

T 

T 

T 

T 

T 

3 

T 

T 

T 

7 

T 

S 

s 

T 
T 
T 
T 
T 



T 

r 

T 
S 

r 

T 

T 
T 
T 

T 
7 
T 
T 
T 

r 

T 

r 
r 

T 
T 

: 
1 

: 

T 

T 

r 



A 
A 
A 

B 
3 
B 

B 

B 
3 

J 
C 

C 

C 
C 

c 

c 

A 

A 

A 

A 

A 

A 

A 

B 

1 

B 

3 

3 

B 



C 

c 

c 
c 
c 

D 

A 

V 

\ 

A 
A 
A 

A 

s 

: ( 
c 
c 

c 

\ 
\ 

A 

A 
A 
A 
A 
B 
B 
B 
B 
C 
C" 

c 

A 

A 

\ 
\ 
\ 

\ 

B 
B 
B 
B 



16-May-84 

12-Jul-84 

19-Oa-«4 

12-Sep-82 

3-Cxa-83 

21-Jul-83 

3-Oa-83 

16-May-84 

12-Jui-M 

19-Cx:i-d4 

3-Oa-83 

21-lul-83 

3-Oa-83 

16-M*y-84 

12-Jul-84 

I9-Oa-«4 

12-Sep-82 1230 

3-Oa-83 640 

21-Jul-83 

3-Oa-83 

16-May-84 

I2-Jul-84 

\9-Ocx-M 

3-Oa-83 

21-Jul-83 

3-Oa-83 

16-May-84 1100 

12-Jul-84 880 

!9-Oct-S4 

3-Oa-83 

:i-iui-83 

3-Oa-83 1100 

16-May-84 800 

12-Jul-84 780 

19-Oct-84 1100 

3-Oa-83 640 

l6-Sep-82 



370 

600 

510 

570 

450 

360 

450 

540 

520 

620 

450 

520 

370 

500 

550 

560 



780 
710 
790 
1100 
100 
620 
780 
680 



810 
610 

720 



400 0.55 



4-Mav-83 1200 



3-Aug-?3 
23-Sep-83 
I5-May-84 

5-Aug-84 

I2-Ctet-W 

5-Ma* W 

5-Aug-H4 

'2 Oa-84 

l5-May-84 

5-Aug-84 

12-Oct-84 

16-Sep-82 

4-May-83 

5-Aug-83 

23-Sep-83 

15-May-84 

5-Aug-84 

12-Oct-84 

23-Sep-83 

15-May-84 

S-Aug-84 

12-Oct-M 

!5-May-84 

5-Aug-84 

12 Oct -84 

4- May -83 

5-Aug-83 

23-Sep-83 2400 

'•' '.'is ^4 |20ei 

ig-iM 
12 'vi ss 
4-May-83 
23-Sep-83 
!5-May-84 
5-Aug-84 



1000 
-10 
520 
610 
'2 
300 

"40 
I OCX) 
350 
770 
450 
920 
410 
630 
470 
310 
310 
980 
410 
390 
730 
520 
370 
390 
9^0 
980 



-.. 

960 
1400 
1100 

740 

610 



0.68 



1100 0220 <0.01 2.0 
1200 0220 <0.01 7.0 
1400 0.10 <0.01 3.0 
1820 0.20 <0.01 1.0 
580 0.10 <0.01 0.9 
1300 0.20 <0.01 0.9 
900 0.20 <0.01 0.9 
1100 0.20 <0.01 14.0 
860 0.10 <0.01 3.0 
1200 020 <0.01 11.0 
540 0.10 <0.01 0.9 
970 0.20 <0.01 2.0 
890 0.20 <0.01 2.0 
1100 0.10 <0.01 6.0 
1200 0.20 <0.01 2.0 
860 0.10 <0.01 5.0 
8480 0.80 0.020 3.0 
2600 0.20 <0.01 1.0 
4700 0.40 <0.0t 9.0 
5700 0.40 <O.0I 14.0 
5700 0.30 <0.01 15.0 
3900 0.30 <0.01 20.0 
4000 0.50 <0.01 12.0 
2500 0.20 <0.01 1.0 
4900 0.40 <0.01 8.0 6 
5300 0.40 <0.01 9.0 6 
3700 0.30 <0.01 25.0 
5100 0.40 <0.01 17.0 
3900 0.40 <0.01 14-0 
2700 0.20 <0.0I 
•1200 0.30 <0.01 5.0 
3400 0.80 <0.01 11.0 
5500 0.30 <0.01 3.0 
5500 0.40 <0.0l 15.0 
5100 0.40 cO.01 12.0 
2400 0.20 <0.01 1.0 
280 0.20 <0.01 1.0 
410 0.30 <0.01 2.0 
290 0.30 <0.01 1.0 
520 0.30 <0.01 2.0 
550 0.30 <0.01 2.0 
310 0.30 <0.01 3 
■ 

«4Q 0.30 <0.01 10 

01 2.0 

760 40 <0.01 3.0 

630 0.20 <0.01 3.0 

'20 0.40 <0.01 7.0 

350 0.20 <0.0I 1.0 

3600 1.00 0.020 1.0 

640 0.30 <0.01 0.9 

230 0.50 <0.01 0.9 

1 100 0.40 <0.01 2.0 

780 0.30 <0.01 16.0 

S30 0.30 0.400 2.0 

320 0.30 <0.0I 2.0 

1200 0.40 <0.01 1.0 

1000 0.30 <0.01 2.0 

340 0.30 <0.0I 3.0 

830 0.40 <0.01 2.0 

790 0.30 <0.0I 4.0 

920 0.40 <0.01 2.0 

MOO 0.90 <0.01 7.0 

6100 1.60 0.020 3.0 

3200 1 40 040 10 

53HO 

I !20<0 0l 4D 

3600 1 .20 0.020 2.0 

s 4(«) 1 00 <0.01 8.0 

4100 1.00 <0.01 10.0 



390 
610 
460 
610 
490 
350 
480 
640 

2 500 

3 630 
2 490 
2 510 

2 390 

3 520 
3 530 
2 520 
8 1290 

5 000 

6 860 
6 860 
6 820 
5 1200 
5 1000 
4 590 

800 
730 



5 1100 

6 960 

5 830 

5 5 SO 

5 "00 

7 1500 
7 820 

6 760 

6 1000 
4 610 

7 410 0.07 
23 1200 

I J :ooo 

14 670 

!5 650 

!4 880 

I -' 

:: mi 
: i - 91 

25 1200 

10 480 
20 930 

7 440 0.04 

23 750 

12 500 

13 700 
15 610 

9 490 

10 400 
17 950 
12 530 

11 500 
19 1100 

14 640 
!1 550 
: : 521 
. I -- 
39 1200 
23 S3 

• 
u ~5,i 

■ 

41 1100 
21 800 
26 1000 



11774 

11783 

11794 

12260 

11565 

11802 

11811 

11776 

11784 

11792 

11566 

11801 

11810 

11775 

11 785 

11793 

12063 

11569 

11806 

11814 

11779 

11787 

11795 

11570 

11805 

11813 

11778 

11788 

11796 

11571 

13804 

11815 

11777 

11786 

11797 

11572 

12041 

11576 

- 

11829 
IIS'4" 

It 

11838 
11848 
12049 
L1581 
11577 
11578 
11833 
11841 
11851 
11579 
11832 

II S3 1 
1 1842 

11553 

• 

11586 

1 1582 

11836 
11844 
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Location 


Species 


Grinding Sample 


Replicate 


E>axe 


Al As 


Ca Cd CI 


Cr 


Cu 


Fe Hg 


Sample 






Mahod 


Type 






Hg/g Hg/g 


Hg/g Hg/g "• 


^g/g^g/g Ug/'g M-g/g 


Number 


High Fills BGC 


P. schrtben 


W 


T 


B 


12-Oct-84 


720 


7000 1.30 0.020 


4.0 


32 


1100 


11854 


High Fails BGC 


P. schrtben 


w 


T 


C 


5-Aug-84 


570 


4400 0.90 <0.01 


19.0 


24 


920 


11843 


High Falls BGC 


P. schrtben 


w 


T 


c 


12-Oct-84 


610 


5000 1.00 0.020 


6.0 


33 


860 


11853 


Kaladar 


C. mais 


w 


S 


A 


2-Sep-82 


650 


770 0.30 <0.01 


2.0 


3 


880 


12176 


Kaladar 


C. rangiftnna 


w 


s 


A 


2-Sep-82 


380 


440 0.20 <0.01 


1.0 


2 


460 


12134 


Kaladar 


C. rangifenna 


W 


s 


B 


2-Sep-82 


260 


460 0.20 <0.01 


0.9 


2 


310 


12U2 


Kaiadar 


P. schrtben 


L 


s 


A 


2-Sep-82 


410 


4130 0.40 0.020 


3.0 


4 


440 


12161 


Kaladar 


P schrtben 


w 


s 


B 


2-Sep-82 


480 


2970 0.40 0.040 


i G 


5 


540 


1222! 


Kaladar 


P . serve ben 


w 


s 


c 


2-Sep-82 


480 


4280 0.40 0.020 


• 


4 


540 


12143 


Kanau 


C. rangifenna 


vv 


s 


A 


22-Jul-83 


500 


2200 0.40 <0.01 


0.9 


3 


520 


11527 


Kanau 


C. rangiftnna 


w 


s 


B 


22-Jul-83 


640 


3500 0.40 <0.01 


1.0 


3 


690 


11520 


Kanau 


C. suilaris 


w 


Special 


Special 


22-Jul-83 


330 


2500 0.30 <0.01 


0.9 


2 


340 


11528 


Kanau 


H. physodes 


w 


Special 


Special 


22-Jul-83 


610 


17000 0.70 0.110 


1.0 


6 


980 


11517 


Kanau 


P. schrtben 


w 


S 


A 


22-Jul-83 


3100 


8900 0.60 <0.01 


5.0 


9 


340 


11542 


Kanau 


P schrtben 


vv 


s 


B 


22-Jul-83 


1500 


6800 0.40 0.010 


3.0 


10 


1900 


11558 


Killamey 


C. mats 


w 


s 


A 


o-Aug-82 


800 


200 0.40 <0.01 


2.0 


11 


940 


12115 


Killamcy 


C. muis 


w 


s 


B 


6-Aug-82 


400 


300 0.30 <0.01 


0.9 


7 


440 


12148 


Kiilamev 


C. rangiferma 


w 


s 


A 


o-Aug-82 


360 


500 0.30 <0.01 


0.9 


7 


400 


.2156 


Kiilamey 


P schreben 


L 


s 


A 


6-Aug-82 


740 


3260 1.00 0.020 


4.0 


19 


790 


12147 


Killamey 


P. schrtben 


w 


s 


B 


6-Aug-82 


730 0.61 


3000 0.80 0.010 


4.0 


17 


780 0.12 


12166 


Lac La Crou 


C. mitis 


w 


s 


A 


13-Sep-82 


630 


660 0.20 <0.01 


:.o 


1 


880 


12072 


Lac La Crou 


C. muis 


w 


s 


3 


13-Sep-82 


1030 


930 0.40 <0.01 


2.0 


- 


1430 


12082 


Lac La Crou 


C. rangiftnna 


vv 


s 


A 


13-Sep-82 


900 1.25 


910 0.30 <0.01 


2.0 


2 


1320 0.21 


12033 


Lac La Crou 


C. rangifenna 


w 


s 


3 


13-Sep-82 


810 


670 0.30 <0.01 


2.0 


1 


1100 


12040 


Lac La Crou 


P. schrtben 


L 


S 


A 


13-Sep-82 


720 


4350 0.40 0.010 


3.0 


4 


860 


12046 


Lac La Croix 


P. schrtben 


w 


s 


B 


13-Sep-82 


1100 0.55 


4140 0.40 0.010 


5.0 


4 


1460 0.05 


12232 


Lively/Walden 


S. lomtntosum 


w 


Spedd 


Special 


l-Sep-82 


4190 


1200 1.30 0.010 


18.0 


163 


8630 


12188 


Manitoulin Is. 


P. schrtben 


w 


s 


A 


23-Jul-83 


1200 


3600 0.50 <0.01 


2.0 


8 


1300 


11539 


Mamioulin Is. 


P. schrtben 


w 


s 


3 


25-Jui-83 


3300 


6900 0.80 0.010 


6.0 


15 


3500 


11555 


Manitoulin Is. 


P. serve oert 


w 


s 


C 


25-Jui-83 


3800 


4100 0.80 0.010 


"0 


20 


;:oo 


[ '.556 


Matuwa 


C. muis 


N 


s 


A 


0-Aug-82 


340 


500 0.30 <0.01 


t.Q 


"* 


370 


•2150 


Maaawa 


C. mil is 


w 


s 


B 


9-Aug-82 


280 


860 0.30 <0.01 


1.0 


2 


290 


12193 


Maoawa 


C. rangifenna 


w 


s 


A 


9-Aug-82 


320 


650 0.30 <0.0l 


1.0 


3 


400 


12125 


Maaawa 


C. rangifenna 


w 


s 


B 


9-Aug-82 


250 


560 0.30 <0.01 


1.0 


3 


270 


12127 


Maaawa 


P. schreben 


L 


s 


A 


9-Aug-82 


470 


2830 0.90 <0.01 


4.0 


7 


6O0 


12099 


Maaawa 


P. schreben 


W 


s 


B 


9-Aug-82 


570 


3750 0.60 <0.01 


5.0 


6 


630 


12196 


McKcllar 


C. mitis 


w 


s 


A 


6-Aug-82 


580 


350 0.20 <0.01 


2.0 


3 


720 


12106 


McKdlar 


C. mitis 


w 


s 


B 


6-Aug-82 


670 


360 0.30 <0.01 


1.0 


10 


950 


12154 


McKcllar 


C rangifenna 


vv 


s 


A 


6-Aug-82 


510 055 


1720 0.30 <0.01 


: 1 


4 


590 0.05 




McKdlar 


C rangifenna 


vv 


s 


3 


6-Aug-82 


140 


760 0.30 <0.01 


) g 


3 


520 


12! "' 


McKcllar 


P serve ben 


vV 


s 


A 


6-Aug-82 


540 0.49 


1940 0.40 <0.01 


:• o 


7 


590 0,05 


. -> . . -, 


McKcllar 


P schreben 


L 


s 


B 


6-Aug-82 


S20 


24^0 70 <0.01 


2.0 


11 


""oo 


12101 


McKdlar 


P serve oen 


W 


s 


C 


b-AUg-S2 


>7G 


2070 )i0 <o.oi 


:.o 


) 


B415 


:; . 


Moore Falis 


C TIlllS 


w 


:■ 


\ 


:;---\ua-s2 


USO 


1 1 ■ ■ 1 


i . 


4 






Moore Falls 


C rangifenna 


VV 


3 


\ 


l'^-■\d^■■',2 


[590 


: I oo )e0 <0.t)i 


. ; I 


i 


11 ■ 


.::: : 


Naxina 


C muis 


Vv 


s 


\ 


b-Sep-32 


-:on 


2450 0.20 <0.01 


: i 


; 


500 


.-,-., 


Naxina 


C mu is 


w 


s 


B 


•vSep-.SZ 


500 


2820 0.20 <0.0t 


2.0 


; 


531 


12249 


Naxma 


C. rangifenna 


A 


s 


A 


^Scp-82 


390 


1610 0.10 <0.01 


2.0 


T 


390 


12025 


Naxma 


C. rangiftnna 


w 


s 


B 


6-Sep-82 


550 


2220 0.20 <0.01 


2.0 


■> 


600 


12030 


Naxma 


C. rangiftnna 


w 


s 


c 


6-Sep-82 


520 


2980 0.30 0.040 


12.0 


3 


750 


12096 


Naxma 


P. serve ben 


vv 


s 


A 


6-Sep-82 


1010 


6550 0.80 0.020 


5.0 


< 


960 


12241 


Naxma 


P. schreben 


vv 


s 


B 


6-Sep-82 


870 


7420 0.30 0.020 


30 


4 


880 


12069 


Nakina 


P schreben 


L 


s 


c 


6-Sep-82 


1110 


7220 0.30 0.080 


3.0 


4 


1240 


12070 


Pickle Lake 


C. rangifenna 


w 


s 


A 


7-Sep-82 


570 


1550 0.30 <0.01 


40.0 


11 


1250 


12021 


Pickle Lake 


C. rangifenna 


w 


s 


B 


7-Sep-82 


420 


940 0.20 <0.01 


35.0 


8 


810 


12023 


Pickle Lake 


P. schreben 


w 


s 


A 


7-Sep-82 


860 


5690 30 <0 01 


50 


21 


1560 


12064 


PickJeLake 


P senreben 


w 


s 


B 


T-Sep-82 


590 


6460 0.30 <0.01 


3.0 




1000 


12065 


PtddeLake 


P schreben 


w 


s 


C 


7-Sep-82 


1350 


5340 0.50 <0.01 


40 


21 


2500 


12233 


Pickwick Lake 


C. mitis 


w 


s 


A 


13-Sep-82 


580 


1370 10 <0.01 


1.0 


I 


690 


12037 


Pickwick Lake 


C. muis 


w 


s 


B 


13-Sep-82 


640 


1620 0.20 <0.01 


1 


t 


710 


12051 


Pickwick Lake 


C rangifenna 


w 


s 


A 


13-Sep-82 


830 0,74 


1500 0.20 <0.01 


2.0 


2 


020 05 


120SO 


Pickwick Lake 


C. rangifenna 


W 


s 


B 


13-Sep-82 


670 


1670 0.30 cO.Ol 


20 


3 


860 


1200" 


Pickwick l^ike 


P schreben 


W 


s 


\ 


!3-Scp-82 


1350 0.9"? 


6170 40 0.020 


4 


4 


1550 0" 


12060 


Plastic Lake 


C mitis 


w 


s 


\ 


30-Aug-82 


620 


220 0.20 <0.01 


Lfl 


; 


<vn 


[2129 


Plastic Lake 


C muis 


w 


s 


A 


18-Scp-82 


770 


2020 0.20 <0 01 


2.0 


3 


870 


12076 


Plastic Lake BGC 


C mtiis 


w 


T 


\ 


20- Jul -83 


310 


410 020 <Q01 


00 


^ 


350 


H534 


. 


' ' TIl/L. 


vv 


T 


\ 


r Jui-w 


?1<) 


; a >■ 


. 


; 




■ ■« 


.' astic Lj*c iJGC 


L mtiis 


w 




\ 


1-VOcHM 


31(1 


.. ■■■ 20 -jiin 


1 u 


; 


1 




Lake 


i '. nutts 


w 


s 


Is 


Jfl-Aug-42 


4n; 


:.; <oo: 


: n 


2 


52 


::: *■■ 


Plastic Lake 


C muis 


w 


s 


B 


lS-Scp-82 


1610 


810 040 <0.01 


3.0 


3 


1790 


122^4 


Plasuc Lake BGC 


C ma is 


V. 


T 


B 


20-JuI-83 


430 


250 0.20 <0.01 


09 


4 


840 


11511 


Plasuc Lake BGC 


C mil is 


vv 


T 


B 


l7-Jul-84 


240 


260 0.20 <0.01 


0.9 


l 


240 


8561 


Plasuc Lake BGC 


C. muis 


w 


T 


B 


18-Oct-84 


190 


260 0.20 <0.01 


0.9 


-i 


230 


11820 













-105- 
















Location 


Species 


Grinding Sample 


Repiicate Date 


Al As 


Ca CI CI 


Cr 


Cu 


Fe 


Hg 


Sampie 






Method Type 






M-g/g Hg/g 


M-g/8 M% "° 


t*g/'g y-%i& ^g/g 


Hg/g 


Numrje 


Plasuc Lake 


C. nutis 


W 


s 


C 


30-Aug-82 


590 


380 0.20 <0.01 


2.0 


2 


500 




12222 


Plastic Lake 


C. mttis 


W 


s 


c 


18-Sep-82 


1010 


1240 0.40 <0.01 


3.0 


3 


1220 




12275 


Plastic Lake BCC 


C. mitis 


w 


T 


c 


20-Jul-83 


340 


390 0.30 <0.01 


0.9 


3 


360 




11514 


Plasuc Lake BGC 


C. mitis 


w 


T 


C 


17-Jul-84 


380 


200 0.20 <0.01 


0.9 


2 


320 




8562 


Plasuc Lake BGC 


C. mitis 


w 


T 


c 


18-Oct-84 


280 


240 0.10 <0.01 


<i 


I 


300 




11821 


Plasuc Lake 


C. rangifenna 


w 


S 


A 


30-Aug-82 


430 0.49 


140 0.20 <0.01 


1.0 


2 


400 


0.02 


12135 


Plasuc Lake 


C. rangifenna 


w 


S 


\ 


18-Sep-82 


610 


1760 0.20 <0.01 


3.0 


11 


1040 




12276 


Plasuc Lake BGC 


C rangifenna 


w 


T 


A 


20-Jul-83 


250 


400 0.20 <0.01 


0.9 


~ 


260 




'.1533 


Plasuc Lake BGC 


C. rangifenna 


w 


7 


A 


i7-Jui-84 


300 


300 0.10 <0.01 


1.0 


^ 


260 




3563 


Plasuc Lake BGC 


C. rangifenna 


'A 


T 


A 


18-Oct-84 


250 


220 0.20 <0.01 


0.9 


3 


320 




11324 


Plasuc Lake 


C. rangifenna 


;v 


s 


B 


3G-Aug-82 


400 0.49 


480 0.30 <0.01 


1.0 


3 


370 


0.06 


12186 


Plasuc Lake BGC 


C. rangifenna 


w 


T 


B 


20-Jul-83 


260 


390 0.20 <0.01 


0.9 


3 


270 




11513 


Plasuc Lake BGC 


C. rangifenna 


w 


T 


3 


17-Jui-84 


170 


550 0.10 <0.01 


1.0 


3 


160 




8564 


Plasuc Lake BGC 


C. rangifenna 


w 


T 


B 


18-Oct-«4 


230 


250 0.20 <0.01 


0.9 


^ 


250 




11822 


Plasuc Lake 


C. rangifenna 


w 


s 


C 


30-Aug-82 


300 


750 0.20 <0.01 


4.0 


■> 


290 




12205 


Plasuc Law BGC 


C. rangifenna 


w 


T 





20-Jul-83 


310 


530 0.20 <0.01 


0.9 


i 


310 




11519 


Plasuc Lake BGC 


C. rangifenna 


w 


j 


C 


17-Jul-84 


270 


350 0.10 <0.01 


3.0 


3 


240 




3565 


Plasuc Laice BGC 


C. rangifenna 


w 


T 


c 


18-Oct-*4 


220 


290 0.20 <0.01 




2 


210 




11323 


Plasuc Lake 


P. senreben 


L 


S 


A 


30-Aug-82 


580 


3120 0.70 0.020 


5.0 


- 


560 




12173 


Plasuc Lake BGC 


P schreben 


w 


T 


A 


20-Jul-83 


570 


1700 0.60 <0.01 


1.0 


8 


650 




11540 


Plasuc Lake BGC 


P senreben 


'A, 


T 


A 


17-Jul-84 


610 


2100 0.40 <0.01 


7.0 


6 


520 




3566 


Plasuc Lake BGC 


P. schreben 


w 


T 


A 


18-Oa-84 


610 


2400 0.50 <0.01 


36.0 


^ 


-20 




11827 


Plasuc Lake 


P. senreben 


w 


S 


B 


30-Aug-82 


560 0.49 


3210 0.80 <0.01 


6.0 


6 


640 


0.10 


12100 


Plasuc Lake BGC 


P. schreben 


w 


T 


B 


20-Jui-83 


510 


2500 0.50 <0.01 


2.0 


3 


530 




11557 


Plasuc Lake BGC 


P. schreben 


w 


T 


B 


17-M-84 


590 


2400 0.30 <0.01 


7.0 


7 


510 




8567 


Plasuc Lake BGC 


P. schreben 


w 


T 


B 


18-Oct-84 


360 


2400 0.40 <0.01 


8.0 


5 


450 




11826 


Plasuc Lake 


P. schreben 


w 


s 


C 


30-Aug-82 


780 0.8 


2540 0.60 <0.01 


4.0 


6 


840 


0.09 


12225 


Plasuc Lake BGC 


P. schreben 


w 


T 


c 


20-Jul-83 


490 


2500 0.60 <0.01 


1.0 


7 


450 




11544 


Plasuc Lake BGC 


P. senreben 


w 


T 


c 


17-Jul-84 


580 


2100 0.40 <0.01 


9.0 


6 


550 




3568 


Plasuc Lake BGC 


3 jChreoen 


w 


1 


r 


;S-Oct-84 


430 


2:00 0.50 <0.01 


53.0 


- 


720 






Poet Severn 


C. mu is 


w 


S 


A 


28-Aug-S2 


820 


650 0.30 <0.01 


2.0 


3 


970 




1211 ; 


Port Severn 


C. rangifenna 


w 


S 


A 


28-Aug-82 


300 0.55 


"70 0.20 <0.01 


0.9 


2 


310 


0.03 


12153 


Port Severn 


C. rangifenna 


w 


s 


B 


28-Aug-82 


460 


530 0.40 <0.01 


1.0 


- 


470 




12212 


Port Severn 


C. rangifenna 


w 


s 


C 


28-Aug-82 


330 


910 0.10 <0.01 


1.0 


-> 


360 




12213 


Port Severn 


P. schreben 


w 


s 


A 


28-Aug-82 


580 


2940 0.50 0.010 


3.0 


7 


620 




122S0 


Port Severn 


P schreben 


L 


s 


B 


28-Aug-82 


370 


2490 0.30 <0.01 


2.0 


4 


330 




12160 


Pukaskwa 


C. miiis 


w 


S 


A 


6-Nov-84 


800 


460 0.20 <0.01 


4.0 


7 


650 




11316 


Pukaskwa 


C. rangifenna 


A 


S 


A 


6-Nov-W 


620 


580 0.20 <0.01 


2.0 


2 


570 




1181" 


Pukaskwa 


P ;chreben 


W 


s 


A 


6-Nov-84 


1200 


8300 0.60 <0.01 


6 


- 


:coo 




11313 


Ramsey 


C. muis 


w 


s 


\ 


ll-Aug-82 


700 


S70 0.20 <0.01 


2.0 


1 


•81 




. : 1 s • 


Ramsey 


C. muis 


w 


s 


! 


ll-Aug-82 


730 


510 0.20 <0.01 


2.0 


24 


1070 




12151 


Ramsev 


C rangifenna 


w 


s 


\ 


',!-Au(?-82 


600 0-M 


4N1 20 <0.01 


2.0 


3 


<?20 


■ 


12 1 r 


Ramsev 


'angifenna 


w 


s 


:' 


ll-Aug-82 


590 


50 <0.01 


: 


3 


800 






Ramsey 


veben 


L 


s 


\ 


: l-Aug-82 


11 SO 


r 50 <ooi 


3.0 


- 


17, 




21 ■ 


FUmaty 


.'- icnrtben 


•V 


s 


i 


1 l-Aug-82 


600 U 


1.020 




6 


2220 


• 




Remi Lake 


C muis 


w 


s 


\ 


IO-Aug-82 


540 


0.01 


2.0 


i 


530 




.:: ■• 


Remi Laxc 


C rangifenna 


w 


s 


A 


!0-Aug-82 


J60 


1760 30 <0.01 


1.0 


-> 


340 


0.02 


12 1 46 


Remi Lake 


P. schreben 


w 


s 


A 


IO-Aug-82 


680 0.55 


70()0 0.50 <0.0l 


5.0 


"N 


660 


0.08 


12116 


Remi Lake 


P schreben 


L 


s 


B 


10-Aug-82 


1470 


11200 0.50 0.020 


6.0 


6 


1900 




1212S 


S. S. Mane 


C muis 


w 


s 


A 


24-Jul-83 


720 


700 0.30 <0.01 


0.9 


3 


830 




11524 


S. S. Mane 


C muis 


w 


s 


B 


24-Jul-83 


580 


550 0.10 <0.01 


0.9 


-1 


640 




11521 


S. S. Mane 


C. rangifenna 


w 


s 


A 


24-Jui-83 


450 


1400 0.20 <0.01 


0.9 


3 


520 




11525 


S. S. Mane 


C. rangifenna 


w 


s 


B 


24-Jui-83 


530 


1100 0.20 <0.01 


0.9 


1 


570 




11526 


S. S. Mane 


C. rangifenna 


w 


s 


C 


24-Jul-83 


550 


800 0.10 <0.01 


0.9 


3 


570 




11510 


S. S. Mane 


C. steliaris 


w 


Special 


Special 


24-Jui-83 


600 


490 0.20 <0.01 


9 


•> 


680 




11515 


S. S. Mane 


P schreben 


w 


s 


A 


24-Jul-83 


1800 


7900 0.50 0.010 


1.0 


8 


920 




11559 


S. S. Mane 


P. schreben 


w 


s 


B 


24-Jul-83 


1000 


5200 0.40 <0.01 


1.0 


- 


850 




11560 


S. S. Mane 


P schreoen 


w 


s 


C 


24-Jul-83 


820 


3500 0.40 <0.0l 


1.0 


6 


920 




11545 


Sauble 


C mitts 


w 


s 


\ 


28-Aug-82 


670 


mo o.30<o.oi 


2.0 


2 


880 




12203 


Saubie 


C. mttis 


w 


s 


B 


28-Aug-82 


650 


1220 30 <0.01 


2.0 


: 


950 






Saubie 


C. rangifenna 


w 


s 


V 


2S-Aug-82 


630 0.68 


910 0.30 <0 01 


2.0 


] 


760 


0.14 




Sauble 


C. rangifenna 


w 


s 


B " 


:8-Aun-S2 


640 


11 SO 40 <0 01 


1 N 


2 


"60 




12215 


Saubie 


P :cnrer>en 


w 


s 


\ 


28-Aug-82 


2430 2. 1 8 


1380 0.60 0.020 


7 


6 


J090 


• : : 


1 2 1 05 


Saubie 


P. schreben 


L 


s 


B 


28-Aug-82 


950 


2310 1.00 0.020 




■! 


:620 




12197 


Smokey Falls 


C muis 


w 


s 


A 


13-Scp-84 


860 


2100 0.20 <0.01 




4 


200 




1 1 355 


Smokcv Falls 


C mil li 


'■v 


s 


B 


13 -Sep- 84 


yon 


1600 20 <0.01 


-! " 


: 






■ 


• 


mtti, 


», 


k > 




■■■ ■ '• 


• 


• 


' 




: • 




■ 


Smoke) 


C rangue.nna 


v. 


s 


\ 


; 1 Sep-M 




: i <o.01 




„ 


n 




•- 


SmoKc 


C 'anguenna 


v> 


s 


B 


13 5cp-W 


560 


: 




: 


67 






Smokey Fads 


C rangifenna 


A 


s 


C 


13-Sep-84 


650 


1700 30 <0.01 


4 


4 


810 






Smokey Falls 


C. steliaris 


W 


Special 


Special 


13-Sep-84 


420 


1000 0.10 <0.01 


:.o 


T 


460 




11863 


Smokey Falls 


C steliaris 


V, 


Special 


Special 


13-Sep-84 


380 


980 0.20 <0.01 


2.0 


1 


430 




11862 


Smokey Falls 


C. steliaris 


\N 


Special 


Special 


13 -Sep- 84 


430 


1100 0.20 <0.01 


2.0 


1 


520 




11861 
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Location 


Speaes 


Grinding Sample Repiicaie 


Oate 


Al As 


Ca Cd CI 


Cr 


Cu 


Fe Hg 


Sample 






Method Type 






W>g M/g 


ng/'g ng/g ^ 


ug/g ng/g ng/g ng/g 


Number 


Smokey Fills 


E. mesomorpha 


W 


Special 


Special 


13-Sep-84 


1300 


25000 0.60 0.010 


9.0 


7 


2300 


11866 


Smokey Falls 


E. mesomorpha 


W 


Special 


Special 


13-Sep-84 


1400 


24000 0.60 0.010 


9.0 


7 


2300 


11865 


Smokey Falls 


E. rrusomorpha 


W 


Special 


Special 


13-Sep-M 


1400 


22000 0.60 0.010 


11.0 


7 


2100 


11864 


Smokey Falls 


H. physodts 


W 


Special 


Special 


15-Sep-84 


1000 


9000 0.70 0.120 


3.0 


6 


1100 


11869 


Smokey Falls 


H. physodts 


W 


Special 


Special 


15-Sep-84 


1000 


10000 0.70 0.100 


3.0 


5 


1200 


11868 


Smokey Falls 


H. physodes 


W 


Special 


Special 


15-Sep-84 


1000 


9900 0.70 0.110 


3.0 


6 


1200 


11867 


Smokey Falls 


P. sulcata 


W 


Special 


Special 


16-Sep-84 


2300 


14000 0.80 0.080 


16.0 


11 


4100 


11872 


Smokey Falls 


P. sulcata 


W 


Special 


Speaai 


16-Sep-84 


2400 


14000 0.70 0.070 


18.0 


12 


4000 


11371 


Smokey Fails 


P . sulcata 


W 


Speaai 


Special 


!6-Sep-84 


2400 


15000 0.80 0.070 


17.0 


11 


3800 


1 1 870 


White River 


C. mitis 


w 


' S 


A 


25-Jul-33 


560 


1200 0.20 <0.01 


2.0 


3 


720 


11537 


White River 


C. muis 


w 


S 


B 


25-Jul-83 


450 


900 0.20 <0.01 


0.9 


2 


510 


11535 


White River 


C. mats 


w 


s 


C 


25-M-83 


520 


1400 020 <0.01 


2.0 


4 


550 


11522 


White River 


C.rangiferina 


w 


s 


A 


25-Jul-83 


550 


1800 0.20 <0.01 


1.0 


4 


650 


11536 


While River 


C. rangu'erma 


w 


s 


B 


25-Jui-83 


400 


1500 0.20 <0.01 


0.9 


3 


490 


11512 


While River 


C. ranqiferma 


w 


s 


C 


25-Jul-83 


460 


920 020 <0.01 


1.0 


T 


500 


11516 


White River 


P. schreben 


w 


s 


A 


25-Jul-83 


720 


3800 0.30 <0.01 


2.0 


7 


790 


11562 


White River 


P. schreben 


w 


s 


B 


25-Jul-83 


640 


3100 0.30 <0.01 


2.0 


7 


710 


11543 


White River 


P. schreben 


w 


s 


C 


25-Jul-83 


830 


3900 0.30 0.010 


2.0 


8 


910 


11561 


Whuney 


C. muis 


w 


s 


A 


31-Aug-82 


330 


1220 0.30 <0.01 


1.0 


2 


500 


12199 


Whitney 


C. muis 


w 


s 


B 


31-Aug-82 


370 


530 20 <0.01 


1.0 


2 


480 


12164 


Whitney 


C. mitis 


w 


s 


C 


31-Aug-82 


450 


800 0.30 <0.01 


1.0 


3 


980 


12220 


Whitney 


C. ranttifenna 


w 


s 


A 


31-Aug-82 


330 


790 0.30 <0.01 


1.0 


1 


380 


12184 


Whuney 


C. ranqiferuta 


w 


s 


B 


31-Aug-82 


370 


1030 0.30 <0.01 


1.0 


3 


520 


12187 


Whuney 


P. schreben 


L 


s 


A 


31-Aug-82 


580 


3280 0.60 <0.01 


3.0 


5 


550 


12113 


Whitney 


P. schreben 


L 


s 


B 


31-Aug-82 


530 


2800 0.50 0.010 


3.0 


5 


600 


12165 


Whuney 


P. schreben 


w 


s 


C 


31-Aug-82 


520 


2200 0.40 <0.01 


3.0 


4 


550 


12170 


Whuney 


P. schreben 


w 


s 


D 


31-Aug-82 


890 


3700 0.60 0.010 


2.0 


6 


890 


12195 


Winisk 


Evernia/Ramaiijia 


w 


Special 


Special 


4-Oa-83 


670 


10000 0.20 0.050 


1.0 


4 


910 


11548 


Wimsk 


Everrua/Ramaiuui 


w 


Soeaai 


Speaai 


4-Oa-83 


500 


6400 0.20 0.030 


1.0 


6 


660 


11552 


Winisk 


Evernuv Ramaima 


w 


Speaai 


Special 


4-Oa-83 


1300 


16000 0.10 0.060 


:- 


5 


!S00 


: :5- ■' 


Winisk 


EverniaiRamaiina 


w 


Speaai 


Special 


4-Oa-83 


1200 


::ooo o.zo 0.060 


3.0 


6 


1500 


11550 


WimsK 


Everruai Ramaima 


w 


Speaai 


Special 


4-Oa-83 


650 


7800 0.20 0.040 


1.0 


3 


S30 


11551 


Winisk 


H. physodes 


w 


Speaai 


Special 


4-Oa-83 


1100 


16000 020 0.090 


3.0 


7 


1500 


11553 


Winisk 


H. physodts 


w 


Special 


Special 


4-Oa-83 


1400 


17000 0.20 0.150 


3.0 


7 


1900 


115-16 


Winisk 


H. pnysodes 


w 


Special 


Special 


4-Oa-83 


1600 


22000 0.30 0.130 


4.0 


8 


2400 


11547 


Winisk 


T. naens 


w 


Speaai 


Special 


4-Oa-83 


170 


9000 <0.1 0.060 


1.0 


4 


220 


11573 


Wimsk 


T. naens 


w 


Speaai 


Special 


4-Oa-83 


180 


12000 0.10 0.060 


0.9 


4 


260 


11574 
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Location 



Abiubi Canyon 

Abiubi Canyon 

Abiubi Canyon 

Abitibi Canyon 

Abiubi Canyon 

Abiubi Canyon 

Abiubi Canyon 

AbiUbi Canyon 

Abiubi Canyon 

.Algonquin Park 

.Algonquin Pane 

Algonquin Park 

Algonquin Park 

Algonquin Park 

Algonquin Park 

.Algonquin Park 

.Algonquin Park 

Algonquin Park 

AaawapisK.il 

Aoawapiskai 

Aoawapukai 

Aoawapukai 

Bear inland 

Bearuland 

Bear Island 

Bond Tract 

Bonn ech ere C 

BormechereC. 

3ormechere C. 

Sonnecnere C. 

oonnecnere C. 

3ormechereC. 

BormechereC. 

Bonn ech ere C. 

Bormechere C. 

Bormechere C. 

BormechereC. 

Capreol 

Cipreol 

Cipreoi 

Capreol 

Capreol 

Clarendon 

Carenaon 

Carenaon 

Carenaon 

Daihousie-Muls 

Donon 

Donon 

Donon 

Donon 

Donon 

Donon 

Donon 

Donon 

Dummer 

Dummer 

Dummer 

Dummer 

Dummer 

Dummer 

Ear Falls 

Ear Fails 

Ear Falls 

Ear Falls 

Ear Fails 

Mar Falls 

Eat Falls 

Ear Falls 

Ear Falls 

ELA 

ELA 

ELA 



Speaes 



C. mil is 

C. mitis 

C. mitis 

C. rangifenna 

C. rangiferina 

C. rangiferina 

E. mesomorpha 

E. mesomoroha 

E. mesomorpna 

C. miiis 

C. ma is 

C. miiis 

C. rangifenna 

C. 'anfi/ervui 

C. rangifenna 

P schreoeri 

P schreoeri 

P. schreberi 

H. saendens 

T. nut/is 

U. subfloridana 

U suoAonaana 

C. miiis 

C. rangifenna 

P. schreberi 

P. schreberi 

C. miiis 

C. mitis 

C. rantifenna 

C. •aniifenna 

C rantifenna 

C. r antifenna 

P. scnreberi 

P. schreberi 

P. schreberi 

P schreberi 

P. schreberi 

C. mitis 

C mitis 

C. rantifenna 

C. rangifenna 

P schreberi 

C -nais 

C mttis 

C. 'onsnenna 

C. rangiferina 

C. rangifenna 

C miiis 

C miiis 

C miiis 

P schreberi 

P schreberi 

P. schreberi 

P schreberi 

P. schreberi 

C. mitis 

C rangifenna 

C rangifenna 

C rangifenna 

P schreberi 

P schreberi 

C. mitis 

C milts 

C mil is 

C rangifenna 

C rangifervia 

■ :-.,■■ ' - : 

hreberi 

P ichrehen 
P schreoeri 
C mttis 
C mitis 
C. rangifervia 



K 

W/'g 

0.12 
0.12 
0.13 
0.15 
0.13 
0.14 
0.27 
0.27 
0.26 
0.28 
0.23 
0.25 
0.13 
0.22 
0.24 
0.92 
0.64 
3.63 
0.41 
0.36 
0.26 
0.27 
0.14 
0.26 
0.37 
0.49 
0.17 
0.12 
0.17 

0.16 
0.19 
0.33 
0.42 
0.39 
0.30 
0.47 
0.12 
0.12 
0.12 
0.14 
0.59 
5 
• 

0.15 

0.25 
0.20 
0.17 
0.15 
0.82 
0.53 
0.64 
0.35 
0.33 
0.21 
0.-4 
0.21 
0.17 
0.32 
0.36 
<0.1 
0.11 
0.14 
0.13 
0.10 

I • 
0.35 

(J.43 
0.13 
0.13 
0.17 



Mg 

ug/g 

1100 
970 
1000 
1100 
1000 
1100 
1200 
1300 
1200 
300 
220 
270 
240 
290 
290 
900 
S80 
380 
2700 
2800 
1400 
1500 
290 
390 
640 
2100 
410 
430 
590 
390 
480 
450 
700 
3020 
470 
650 
1530 
240 
220 
230 
290 
620 
1160 
P60 
600 
640 
390 
1020 
900 
790 
3730 
2090 
3620 
1180 
520 
1190 
1860 
570 
670 
790 
990 
300 
310 
500 
230 
300 
JrV 
840 
910 
1240 
400 
350 
400 



Mn 

M/'g 

47 
46 
49 

64 

53 
55 

59 

60 

58 

54 

71 

ft8 

45 

"6 

49 

260 

310 

350 

310 

140 

29 

36 

70 

63 

327 

48 

52 

33 

oo 

31 

99 

32 
26 
77 
10 
23 
99 
2< 
23 
24 
60 
259 
30 
54 

1 * 

23 

23 

25 

36 

42 

475 

261 

630 

37 

35 

131 

262 

50 

52 

32 

SO 

37 

44 

112 

33 

■ ' 
403 
215 
168 

66 

4> 
95 



mg/g 



3.0 

3.3 
3.3 
3.5 
3.8 
3.9 
7.1 
7.1 
6.7 
5.2 
4.1 
4.1 

5.0 
6.0 
4.2 
9.3 

10.6 
8.9 

12.2 
9.2 
8.1 

I : 

5.4 
7.3 
10.4 
11.7 
5.8 
4.5 
5 B 

£ " 

4.1 

5,0 
5 J 

7.0. 
6.7 

5.2 
10.0 
5.9 
4.8 
4.3 
5.0 
10.2 

4 t) 
■ -■ 
6.0 

5 : 
10.8 

5.4 
4.6 
3.3 

12.5 
8.0 

10.7 
5.7 

6.1 
5.6 
7.0 
6.3 

7 .3 

4.3 

4 1 

5.3 

6.5 
5.6 
I I 

5 • 
n 7 
6.o 
3.6 

l l 



M«/'g 

120 

140 

140 

120 

120 

120 

190 

190 

190 

36 

[9 

23 

28 

20 

19 

30 

J7 

40 

90 

12 

91 

100 
50 

-40 

90 
60 
K) 
30 

20 
: ': 
50 
: 
80 
130 
SO 
'0 
~0 
30 
-in 

30 
(0 

60 

• 

i i 

70 

60 

60 

190 

110 

190 

-so 

70 

70 

-n 

60 

40 

to 

100 

30 
150 

40 

30 

40 

I 

.i) 
11X1 

90 

60 

50 

50 



Si 

Rgte 

3.0 
3.0 
3.0 
4.0 
3.0 

4.0 

5.0 
5.0 

5.0 
2.0 

1.0 
1.0 

2.0 
2.0 
1.0 
4.0 
Ml 
•• ] 
2.0 
2.0 
1.0 
1.0 
so 
9.0 
21.0 
2.0 
1.0 

I .) 

1.0 

' 

3 : 
1.0 
1.0 
3.0 

:.o 

2.0 
2.0 

28.0 
41.0 
34 
32.0 
630 
± J 

: 

: 

:. 

2,0 

2.0 

1.0 

4.0 

3.0 

4 

3.0 

1.0 
3.0 
5.0 
10 

2.0 
2.0 
2.0 
I 
2.0 
2.0 
1.0 
••! 
I 

: 
• 

3.0 

1.0 
1 Q 
<l 



P Pb S Se Ti V Zn Sample 
mg/g ug/g "c Ug/gug/g ug/g Ug/g Number 



0.31 
0.34 
0.35 
0.39 
0.38 
0.39 
0.48 
0.38 
0.41 
0.60 
0.50 
0.50 
0.60 
0.90 
0.60 
1.30 
1.50 
1.10 
1.00 
0.90 
0.50 
0.60 
0.40 
0.80 
0.90 
0.80 
0.60 
0.30 
0.60 

! 
0.50 
0.60 
0.80 
0.60 
0.80 
0.70 
1.70 
0.40 
0.30 
0.30 
0.40 
0.80 

0.30 
0P0 
0.30 
0.40 
0.30 
1.90 
1.20 
1.60 
0.80 
0.80 
0.40 
0.40 
50 
0.30 
0.40 
0.50 
0.30 
0.30 
50 
0.50 
50 

I 
1.00 

0.80 
0.30 
0.30 
0.40 



11 0.01 
10 0.01 
10 <0.01 

12 0.02 



13 
12 
Jl 
56 

57 

12 
7 

7 
12 
12 

8 
2o 
36 

10 
8 

11 
13 

11 

17 
31 

35 
12 
14 
12 
S 
13 
17 
23 
21 
12 
20 
33 



34 

15 
12 
14 
21 
18 
23 
21 
18 
18 
27 
20 
21 
23 
24 
4 
6 
13 
- 



0.02 

0.02 

0.09 

0.09 

0.09 

0.04 

0.02 

0.02 

0.02 

0.05 

0.02 

0.11 

0.13 

0.10 

0.11 

0.07 

0.06 

0.08 

0.04 0.40 

0.06 0.40 

0.10 

0.12 

0.03 

0.03 

0.04 

104 

0.02 

0.04 

0.06 3.03 

0.06 0.26 

0.07 

0.06 0.13 

0.10 0.26 

0.03 

0.03 

0.03 

0.03 

14 

0.04 

0.04 

0.10 

0.03 

0.02 

0.01 

0.09 

0.07 0.02 

0.09 

0.07 

0.07 

0.04 

0.04 

0.06 

0.05 

0.07 

0.06 

0.01 

0.02 

0.03 

0.01 

02 

0.06 

04 

0.06 

0.02 
0.01 
0.03 0.02 



160 

150 

170 

160 

160 

190 

280 

2S0 

270 

70 

30 

59 

67 

26 
37 
28 
29 
26 
"5 
65 
28 
43 
48 
59 
96 
110 
110 
72 
46 
so 
2!0 

76 

380 
38 

55 
140 

B5 

93 

78 
53 

«■ 
■ 

: 

'.40 
290 
160 
120 
120 
420 
300 
400 
140 
60 
520 
590 
110 
270 
81 

250 

--, 

58 

53 

48 
31 

- 

7U 

-- ; 

68 
75 
65 
64 



7 
7 
7 
7 
7 
11 
12 

:: 



3 
3 

3 

12 

1 



17 

14 

16 
20 

15 

17 
39 

42 
40 

S4 
22 
15 
15 
23 
36 
40 

41 

38 
35 

39 

33 
45 

20 
22 
31 

53 
21 
17 



20 

16 

34 
13 

21 

134 

13 

13 

14 

15 

:•. 



12 

16 
15 
14 
61 
55 

71 

20 
14 



26 

24 



4 27 

1 12 

1 14 

1 12 



I'- 
ll 
10 
13 



11875 

11874 

11873 

11877 

11876 

11878 

11881 

1 1 880 

11379 

11530 

11531 

11532 

11523 

11518 

11529 

11538 

11541 

11554 

11584 

11585 

11588 

11587 

12178 

12198 

12179 

12259 

12107 

12214 

12098 

12130 

12141 

12131 

12209 

12270 

12104 

12210 

1227S 

12114 

12121 

L2185 

12118 

12150 



:::■: 
.2: u 

. 2 '. 

12085 

12092 

12262 

12088 

12239 

12248 

12282 

12281 

12029 

!225d 

12258 

1226S 

122^ 

1225" 

12054 

1207? 

I202S 

1205* 

: 
:: - 

12255 
12252 
12238 
12236 
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Species 


K 


Mg 


Mn 


N 


Na 


Mi 


P 


Pb 


S Se 


n 


V 


Zn 


Sampie 






Hg/g 


ng/g 


ng/g 


mg/g 


W/g 


w/g 


mg/g 


Hg/g 


% Hg/g Hg/g M/g 


ng/g 


Numbe 


ELA 


C. ranqiferwa 


0.16 


390 


108 


4.4 


80 


<1 


0.50 


4 


0.02 


66 


1 


13 


12237 


ELA 


P. schreben 


0.52 


1110 


299 


6.5 


160 


2.0 


0.90 


10 


0.06 0.06 


63 


2 


31 


12240 


ELA 


P. schreben 


0.46 


1080 


316 


6.2 


90 


5.0 


0.80 


9 


0.05 


SO 


2 


46 


12273 


Elgin 


C. mitis 


0.14 


250 


65 


6.4 


60 


<1 


0.50 


14 


0.04 


54 


1 


16 


12102 


Elgin 


C. mitis 


0.13 


210 


20 


5.9 


50 


1.0 


0.30 


10 


0.04 


56 


1 


16 


12158 


Elgin 


C. mitis 


0.14 


340 


25 


5.2 


60 


1.0 


0.30 


20 


0.05 


6i 


2 


22 


12224 


Elgin 


C. ranqiferwa 


0.26 


410 


81 


10.4 


90 


1.0 


0.80 


11 


0.09 


47 


: 


2b 


12168 


Elgin 


C. ranqiferwa 


0.18 


:80 


72 


5.7 


60 


!.0 


0.50 


10 


0.05 


19 


l 


17 


12169 


Elgin 


C. ranqiferwa 


0.15 


270 


39 


6.0 


60 


1.0 


0.40 


15 


0.05 


55 


n 


20 


12175 


Eigin 


P. schreoeri 


0.51 


870 


386 


13.9 


130 


2.0 


1.10 


29 


0.12 


100 


4 


38 


12149 


Elgin 


P senrebtn 


0.47 


900 


434 


11.3 


100 


3.0 


0.90 


26 
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. 2 '. 2 - 


Mane 


C maa 


0.14 


420 


27 


5 ) 


45 


: ) 




16 


I 




• 


; 


• 


::--:■■ 


S. S. Mane 


C mitts 


0.16 


380 


:; 


5.7 


40 


<l 


40 


:: 


0.03 




46 


1 


17 


I 


S. S. Mane 


C. rangifertna 


0.16 


590 


25 


6 ) 


\2 


< i 


0.60 


9 


0.04 




44 


1 


20 


-.1525 


S. S. Mane 


C rangifertna 


0.14 


410 


40 


* ! 


28 


<! 


0.40 


10 


0.04 




47 


1 


18 


11526 


S. S. Mane 


C rangtfenna 


0.17 


400 


38 


6.5 


38 


<1 


0.40 


11 


0.05 




43 


1 


21 


11510 


S. S. Mane 


C. stellar is 


0.16 


350 


26 


8.2 


38 


<1 


0.50 


12 


0.06 




52 


1 


26 


11515 


S. S. Mane 


P schreoen 


0.39 


1500 


170 


10.8 


70 


8.0 


1.10 


25 


0.12 




59 


-> 


36 


11550 


S.S. Mane 


P schreoen 


0.37 


1300 


130 


6.8 


62 


3.0 


0.70 


22 


0.08 




56 


■> 


51 


11560 


S. S. Mane 


P schreoen 


0.35 


1100 


200 


9.1 


23 


2.0 


0.70 


26 


0.10 




71 


2 


32 


11545 


Sauble 


C milis 


0.17 


590 


31 


7.0 


30 


2.0 


0.40 


16 


0.06 




120 


i 


20 


12203 


Sauble 


C milis 


0.15 


490 


23 


7.0 


30 


2.0 


0.40 


19 


0.06 




120 


i 


25 


12208 


Sauble 


C rangtfenna 


0.17 


490 


33 


7.9 


40 


2.0 


0.40 


23 


0.06 0.33 


70 


2 


120 


12180 


Sauble 


C. rangifertna 


0.16 


570 


30 


6.4 


20 


2.:; 


0.30 


18 


0.05 




79 


i 


-•-T 


12215 


Sauble 


P schreoen 


0.44 


6260 


144 


13.1 


190 


7.0 


1.20 


44 


0.15 


0.66 


420 


S 


62 


12105 


Sauble 


P schreoen 


36 


7260 


300 


104 


! 30 


6.0 


0.70 


59 


0.13 




290 


7 


53 


12197 


Smokey Falls 


C milis 


0.16 


740 


32 


4.2 


52 


2.0 


0.36 


5 


0.02 




210 


- 


19 


11855 


Smokey Fails 


C. mitts 


0.16 


620 


28 


4.1 


42 


2H 


0.32 


4 


0.02 




230 


4 


12 


11856 


Smokey Falls 


C mitts 


0.16 


780 


J5 


4 4 


43 


3.0 


0.38 


4 


0.02 




190 


4 


17 


11857 


Smokey Falls 


C rangifertna 


0.14 


530 


38 


4.1 


29 


: ) 


039 


•c 


0.02 




100 


2 


IS 


1 1 360 


Smokey Falls 


C rangifertna 


0.15 


550 


$3 


1.5 


31 


2.0 


0.31 


5 


0.02 




■ 


^ 


21 


11859 


Smokey Falls 


C. rangtfenna 


0.15 


590 


38 


5.0 


35 


2D 


0.47 


5 


0.02 




98 


3 


24 


11858 


Smokey Falls 


C stellarts 


11 


360 


35 


J 6 


:•■ 


• ■: 


042 


3 


01 




49 


1 


I? 




■ 






• : 


■ '■■ 


1 ., 


j" 


: ii 


n .: : 


; 






■: * 




If. 




Smoke) 


... ...;.' 


0.11 




■ 


I ■ 


32 


! Q 




; 


0.01 




65 


> 


14 


11861 


Smokey Fall 


/; mesomorpru 


0.32 


1200 


67 


• 1 






0.64 


18 


0.09 




: i 


■• 


4f. 


1 1 $66 


Smokey Falls 


E mesomorpha 


0.31 


1100 


S4 


7.6 


[00 


4 


0.55 


21 


0.09 




240 


- 


75 


11865 


Smokey Falls 


E mesomorpha 


0.29 


1100 


61 


7 2 


sr, 


5(1 


0.60 


23 


0.08 




210 


j 


47 


11864 


Smokey Falls 


H physodes 


0.35 


780 


59 


7.7 


58 


2.0 


0.70 


20 


0.08 




110 


3 


55 


11869 


Smokey Falls 


H physodes 


0.34 


800 


64 


6.4 


67 


2.0 


0.54 


19 


0.08 




110 


3 


58 


11868 



Species K Mg Mn 

Hg/g Hg/g Hg/g 
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N Na Ni P Pb S Se Ti V Zn Sampie 

mg/g ug/g jig/g mg/g ug/g % Ug/g ug/g ng/g ug/g Number 



Smokey Fails 


H. phyttxies 


0J3 


770 


57 


5.9 


59 


10 


0.50 


19 


0.08 


97 


3 


56 


11867 


Smokey Falls 


P. sulcata 


0.60 


2600 


240 


5.5 


110 


6.0 


1.55 


21 


0.09 


340 


12 


89 


11872 


Smokey Falls 


P. sulcata 


0.55 


2600 


220 


6.9 


120 


7.0 


1.86 


22 


0.08 


330 


12 


87 


11871 


Smokey Falls 


P. sulcata 


0.57 


2800 


250 


6.5 


88 


6.0 


1.85 


25 


0.08 


300 


10 


95 


11870 


While River 


C. nuiis 


0.34 


580 


86 


6.1 


47 


1.0 


0.60 


13 


0.04 


64 


2 


32 


11537 


White River 


C. mitts 


0.20 


330 


44 


4.6 


32 


<1 


0.40 


13 


0.03 


38 


1 


18 


11535 


White River 


C. mitis 


0.15 


390 


72 


6.6 


32 


<1 


0.70 


13 


0.05 


52 


1 


61 


11522 


White River 


C. ranqifenna 


0.32 


510 


130 


7.2 


38 


1.0 


0.60 


17 


0.06 


56 


! 


35 


11536 


White River 


C. ranqt/enna 


0.16 


410 


110 


7.0 


30 


<1 


0.60 


9 


0.05 


31 


1 


25 


11512 


White River 


C. rangi/ervta 


0.15 


360 


53 


5.8 


36 


<1 


0.50 


11 


0.04 


44 


1 


19 


11516 


White River 


P. schreben 


0.34 


1000 


260 


10.9 


42 


2.0 


1.00 


19 


0.09 


60 


2 


43 


11562 


White River 


P. schreben 


0.38 


970 


240 


10.5 


37 


1.0 


1.00 


17 


0.09 


56 


■> 


40 


11543 


White River 


P. schreben 


0.36 


950 


230 


9.7 


60 


2.0 


0.90 


18 


0.10 


68 


i 


42 


11561 


Whitney 


C. muis 


0.21 


450 


69 


5.4 


20 


1.0 


0.60 


10 


0.04 


54 


1 


38 


12199 


Whitney 


C. milts 


0.13 


240 


47 


5.0 


20 


1.0 


0.40 


10 


0.03 


83 


1 


22 


12164 


Whitney 


C. mats 


0.14 


310 


63 


5.3 


30 


1.0 


0.40 


15 


0.03 


92 


-i 


26 


12220 


Whitney 


C. ranqtfenna 


0.17 


360 


62 


5.4 


30 


1.0 


0.50 


13 


0.04 


56 


1 


31 


12184 


Whitney 


C. ranqiferuia 


0.28 


460 


89 


7.1 


30 


2.0 


1.00 


15 


0.06 


92 


1 


37 


12187 


Whitney 


P. schreben 


0.51 


890 


476 


9.6 


70 


3.0 


1.00 


25 


0.10 


74 


2 


72 


12113 


Whitney 


P. schreben 


0.53 


810 


605 


8.2 


60 


2.0 


1.00 


26 


0.10 


79 


2 


48 


12165 


Whitney 


P schreben 


0.57 


760 


309 


7.2 


30 


3.0 


0.80 


18 


0.09 


67 


^ 


38 


12170 


Whitney 


P. schreben 


0.59 


1070 


245 


7.6 


70 


2.0 


1.10 


24 


0.10 


95 


3 


74 


12195 


Wimsk 


Evermai Ramalina 


0.23 


880 


28 


7.5 


320 


1.0 


0.80 


14 


0.08 


80 


2 


28 


11548 


Wimsk 


Evertuai Ramalina 


0.22 


710 


23 


6.1 


250 


<1 


0.70 


11 


0.06 


70 


1 


23 


11552 


Wimsk 


Everwal Ramalina 


0.28 


1400 


46 


5.0 


430 


2.0 


0.80 


18 


0.10 


167 


3 


34 


11549 


Wimsk 


Evernial Ramalina 


0.27 


1200 


32 


7.1 


360 


2.0 


0.80 


18 


0.10 


140 


3 


32 


11550 


Wimsk 


Evermai Ramalina 


0.21 


840 


21 


6.1 


300 


1.0 


0.70 


13 


0.07 


80 


-i 


33 


11551 


Wimsk 


H. physodes 


0.26 


1500 


88 


6.1 


330 


2.0 


0.80 


17 


0.08 


132 


3 


41 


11553 


Wimsk 


H. pnysoats 


0.30 


1900 


44 


6.5 


460 


2.0 


0.80 


22 


0.10 


151 


4 


•14 


1 1546 


Wimsk 


H. onysoaes 


0.31 


2200 


61 


7.1 


410 


3.0 


0.80 


26 


0.10 


137 


5 


48 


I ! 547 


Wimsk 


T. nttens 


0.50 


1800 


52 


8.2 


300 


<1 


1.20 


3 


0.05 


18 


i 


52 


11573 


Wimsk 


T naens 


0.46 


2000 


110 


8.5 


340 


<1 


1.30 


3 


0.06 


20 


1 


11 


11574 



T = Time series sample 

S = Survev sample 

Special = oniv species present 



VV = Ground in VVilev mill 

L = Ground under liquid nitrogen 
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Appendix B: Measurements of Parmelia sulcata thalli in BGC Permanent Quadrats 



Quadrat Thailus Areamm^ Tree 



Quadrat ThaJlus Area mm^ Tree 



HL-1201 1 


39.2 


Pinus strobus 


2 


21.8 


Pinus strobus 


3 


18.8 


Pinus strobus 


4 


10.1 


Pinus sirobus 


5 


27.6 


Pinus strobus 


6 


87.2 


Pinus stroous 


7 


•13.2 


Pinus strobus 


8 


238.0 


Pinus sirobus 


9 


23.1 


Pinus strobus 


10 


8.7 


Pinus strobus 


n 


12.7 


Pinus strobus 


12 


96.6 


Pinus stroous 


13 


53.2 


Pinus strobus 


14 


549.0 


Pinus strobus 


L5 


113.7 


Pinus strobus 


16 


60.9 


Pinus strobus 


17 


23.2 


Pinus strobus 


18 


22.6 


Pinus strobus 


19 


148.4 


Pinus strobus 


20 


300.5 


Pinus strobus 


21 


69.0 


Pinus strobus 


22 


125.3 


Pinus sirobus 


13 


11./ 


Pinus sirobus 


HL-1202 1 


144.1 


Pinus stroous 




86.5 


Pinus strobus 


3 


12.2 


Pinus strobus 


4 


22.4 


Pinus strobus 


5 


18.5 


Pinus strobus 


6 


449.9 


Pinus strobus 


7 


52.6 


Pinus strobus 


8 


129.9 


Pinus sirobus 


9 


194.4 


Pinus strobus 


to 


33.8 


Pinus strobus 


11 


11.5 


Pinus Urobus 


HL-1203 i 


3.2 


Pinus stroous 


i 


J.7 


Pinus sirobus 


3 


121.7 


Pinus stroous 


4 


30.9 


Pinus stroous 


5 


113.3 


Pinus strobus 


6 


129.2 


Pinus strobus 


7 


207.4 


Pinus strobus 


8 


32.0 


Pinus strobus 


HL-1204 1 


176.6 


Pinus strobus 


2 


239.7 


Pinus sirobus 


3 


1035.3 


Pinus strobus 


4 


282.2 


Pinus sirobus 


5 


70.2 


Pinus sirobus 


i 


324.9 


Pinus sirobus 


7 


283.3 


Pinus strobus 


8 


23.4 


Pinus sirobus 


9 


35.9 


Pinus sirobus 


I") 


116.2 


Pinus sirobus 


li 


72.9 


Pinus strobus 


12 


272.S 


Pinus sirobus 




146.5 


Pinus ." . 


14 


105.0 


Pinus strobus 


15 


162.6 


Pinus sir 


16 


28.2 


Pinus sirobus 



17 


76.9 


Pinus strobus 


IS 


96.1 


Pinus strobus 


19 


10.0 


Pinus strobus 


HL-1205 1 


28.3 


Pinus stroous 


2 


50.2 


Pinus stroous 


3 


204.7 


Pinus sirobus 


4 


35.9 


Pinus strobus 


s 


414.5 


Pinus strobus 


6 


141.0 


Pinus strobus 


- 


122.0 


Pinus stroous 


8 


83.6 


Pinus sirobus 


J 


156.7 


Pinus stroous 


i(J 


39.4 


Pinus stroous 


1! 


34.1 


Pinus strobus 


:: 


149.3 


Pinus sirobus 


! ? 


54.2 


Pinus strobus 


14 


23.7 


Pinus strobus 


15 


8.1 


Pinus strobus 


HL-1206 1 


105.5 


Pinus sirobus 


2 


60.2 


Pinus strobus 


3 


82.4 


Pinus strobus 


4 


-157.6 


Pinus strobus 


5 


646.4 


Pinus stroous 


o 


25.4 


Pinus stroous 


"7 
/ 


19.0 


Pinus strobus 


HL-1207 1 


228.1 


Pinus strobus 


-> 


14.7 


Pinus strobus 


HL-1208 1 


259.1 


Pinus sirobus 


2 


282.0 


Pinus strobus 


• 


15.7 


Pinus sirobus 


4 


38.1 


Pinus sirobus 


5 


132.6 


Pinus strobus 


6 


7.4 


Pinus strobus 


m 


• 


Pinus ' 3 - 


i 


22.9 


Pinus stroous 


•■ 




Pinus .' 




- 


Pinus strobus 


11 


15.4 


Pinus stroous 


12 


58.5 


Pinus strobus 


HL-1209 1 


79.2 


Pinus strobus 


2 


45.5 


Pinus strobus 


3 


258.6 


Pinus sirobus 


4 


225.8 


Pinus sirobus 


5 


32.6 


Pinus strobus 


HL-1210 1 


26.2 


Pinus strobus 


~> 


66.2 


Pinus siroous 


3 


107.5 


Pinus strobus 


4 


13.2 


Pinus sirobus 


5 


9.2 


Pinus sirobus 


6 


51.6 


Pinus strobus 


~" 


193.8 


Pinus strobus 




84.9 


Pinus strobus 


9 


14.0 


Pinus strobus 


10 


26.6 


Pinus strobus 


• : 


5 1 : 7 


Pinus sir • _ 


12 


197.2 


Pinus strobus 


13 


S04.6 


Pinus strobus 


14 


64.0 


Pinus urobus 
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HL-1211 



HL-1212 



HL-1213 



HL-1214 



HL-1220 



hl-i: 



HL-1223 



Thalli 


is Areamm^ Tree 


Quadrat Thallus 


Area mm- Tree 


15 


70.6 


Pinus strobus 


HL-1224 1 


176.2 


Abies baisamea 


1 


23.1 


Pinus strobus 


2 


3427.0 


Abies baisamea 


2 


41.8 


Pinus strobus 


3 


256.1 


Abies baisamea 


3 


246.5 


Pinus strobus 


4 


431.6 


Abies baisamea 


4 


49.8 


Pinus strobus 


HL-1225 1 


37.9 


Abies baisamea 


5 


121.7 


Pinus strobus 


2 


203.4 


Abies baisamea 


6 


21.1 


Pinus strobus 


3 


13.5 


Abies baisamea 


7 


11.0 


Pinus strobus 


4 


8.3 


Abies baisamea 


1 


292.3 


Pinus strobus 


5 


34.3 


Abies baisamea 


: 


20.5 


Pinus strobus 


6 


34.0 


Abies baisamea 


3 


23.0 


Pinus strobus 


7 


11.6 


Abies baisamea 


4 


87.7 


Pinus strobus 


8 


36.1 


Abies baisamea 


5 


6.2 


Pinus strobus 


9 


51.3 


Abies baisamea 


1 


12.0 


Pinus strobus 


10 


12.7 


Abies baisamea 


2 


23.7 


Pinus strobus 


11 


561.0 


Abies baisamea 


3 


821.4 


Pinus strobus 


12 


498.6 


Abies baisamea 


a 


9.3 


Pinus strobus 


13 


1724.2 


Abies baisamea 


5 


33.8 


Pinus strobus 


14 


56.5 


Abies baisamea 


1 


239.8 


Pinus strobus 


15 


31.5 


Abies baisamea 


2 


1022.2 


Pinus strobus 


16 


6.8 


Abies baisamea 


3 


121.6 


Pinus strobus 


17 


13.5 


Abies baisamea 


4 


11.1 


Pinus strobus 


18 


31.8 


Abies baisamea 


5 


37.6 


Pinus strobus 


19 


51.1 


Abies baisamea 


1 


441.0 


Pinus strobus 


20 


96.4 


Abies baisamea 


2 


305.3 


Pinus strobus 


HL-1226 1 


163.3 


Abies baisamea 


3 


469.7 


Pinus strobus 


j 


53.2 


Abies baisamea 


4 


17.2 


Pinus strobus 


3 


19.9 


Abies baisamea 


5 


74.5 


Pinus strobus 


4 


16.6 


Abies baisamea 


6 


32.9 


Pinus strobus 


5 


988.7 


Abies baisamea 


7 


71.1 


Pinus strobus 


6 . 


37.0 


Abies baisamea 


8 


38.3 


Pinus strobus 


HL-1227 1 


774.1 


Abies baisamea 


9 


206.5 


Pinus strobus 


'y 


35.7 


Abies baisamea 


10 


39.7 


Pinus strobus 


- 


351.1 


Abies baisamea 


1! 


32.3 


Pinus strobus 


4 


471.1 


Abies baisamea 


12 


489.3 


Pinus strobus 


5 


98.1 


Abies baisamea 


13 


45.6 


Pinus stroous 


6 


199.7 


Abies baisamea 


14 


14.1 


Pinus iirnnu.s 


7 


96. • 


A Die:: .. 


15 




Pinus uroous 


• 


: )32.8 


Abies baisamea 


16 


104.7 


Pinus stroous 


o 


144.2 


Ibiei baisatm .. 


17 


41.1 


Pinus siroous 


HL-122.^ : 


44.0 


Abies baisamea 


18 


17.9 


Pinus strobus 


■j 


25.2 


Abies baisamea 


19 


46.0 


Pinus strobus 


3 


63.2 


Abies baisamea 


l 


51.5 


Abies baisamea 


4 


1090.7 


Abies baisamea 


2 


152.4 


Abies baisamea 


5 


52.0 


Abies baisamea 


3 


101.2 


Abies baisamea 


6 


43.9 


Abies baisamea 


4 


52.1 


Abies baisamea 


7 


185.1 


Abies baisamea 


5 


114.9 


Abies baisamea 


HL-1229 1 


147.8 


Abies baisamea 


6 


20.1 


Abies baisamea 


2 


96.3 


Abies baisamea 


1 


67.6 


Abies baisamea 


3 


207.0 


Abies baisamea 


2 


53.8 


Abies baisamea 


~ 


13.3 


Abies baisamea 


3 


146.0 


Abies baisamea 


5 


722.4 


Abies baisamea 


4 


21.3 


Abies baisamea 


6 


516.3 


Abies baisamea 


5 


195.6 


Abies baisamea 


7 


176.0 


Abies baisamea 


6 


91.5 


Abies baisamea 


8 


6.7 


Abies baisamea 


7 


23.1 


Abies baisamea 


9 


116.X 


Abies baisamea 


s 


50.3 


Abies baisamea 


1!) 


462.6 


Abies baisamea 


9 


69.2 


Abies haisamea 


1 1 


32.5 


Ahws baisamea 


id 


XX. 4 


Abies baisamea 


12 


145.6 


Abies baisamea 


II 


131.7 


Abies haisamea 


HL-1230 1 


■: 


Abies ndi.samea 


i: 


1119.2 


Abies baisamea 


i 


2117.4 


Abies baisLur.t--.} 


13 


179.9 


Abies baisamea 


3 


3652.5 


Abies baisamea 


14 


7.6 


Abies baisamea 


HL-1231 1 


101.0 


Abies baisamea 



-115- 



Quadrai Thallus .Area mm- Tree 



HL-1232 



HL-1233 



HL-1234 



HL-1235 



HL-1236 



HL-1237 



: 


2192 


Abies baisamea 


3 


116.1 


Abies baisamea 


4 


56.2 


Abies baisamea 


5 


49.2 


Abies baisamea 


6 


23.0 


Abies baisamea 


7 


166.5 


Abies baisamea 


s 


36.6 


Abies baisamea 


9 


125.2 


Abies baisamea 


10 


303.0 


Abies baisamea 


1! 


136.5 


Abies baisamea 


12 


243.7 


Abies baisamea 


13 


187.9 


Abies baisamea 


1 


389.9 


Abies baisamea 


2 


2480.4 


Abies baisamea 


3 


12.0 


Abies baisamea 


4 


1114.5 


Abies baisamea 


5 


668.2 


Abies baisamea 


6 


111.5 


Abies baisamea 


1 


55.2 


Abies baisamea 


2 


670.5 


Abies baisamea 


3 


31.9 


Abies baisamea 


4 


80.8 


Abies baisamea 


5 


22.0 


Abies baisamea 


6 


100.6 


Abies baisamea 


7 


39.4 


Abies baisamea 


; 


337.2 


Abies baisamea 


i 


104.5 


Abies baisamea 


; 


2856.0 


Abies baisamea 


4 


113.0 


Abies baisamea 


5 


316.0 


Abies baisamea 


6 


97.2 


Abies baisamea 


1 


41.8 


Abies baisamea 


2 


73.5 


Abies baisamea 


3 


207.6 


Abies baisamea 


4 


31.6 


Abies baisamea 


5 


35.5 


Abies baisamea 


6 


24.1 


Abies baisamea 


— 


5.3 


Abies baisamea 


3 


253.0 


Abies baisamea 


9 


292.4 


Abies oaisamea 


10 


>8.4 


Abies baisamea 


il 


34.4 


Abies baisamea 


1 


472.6 


Abies baisamea 


-i 


173.6 


Abies baisamea 


3 


146.7 


Abies baisamea 


4 


223.6 


Abies baisamea 


5 


3012.1 


Abies baisamea 


6 


117.7 


Abies baisamea 


7 


58.7 


Abies baisamea 


S 


681.4 


Abies baisamea 


> 


144.4 


Abies baisamea 


10 


203.8 


Abies baisamea 


1 


132.9 


Abies baisamea 


2 


22.5 


Abies baisamea 


3 


94.7 


Abies baisamea 


4 


110.9 


Abies baisamea 


5 


240.0 


Abies baisamea 


6 


568.8 


Abies baisamea 


7 


351.2 


A hies baisamea 


S 


53 - 


Abies baisamea 


'> 


8.1 


Abies baisamea 


10 


36.9 


Abies baisamea 



Quadrat Thallus 


Area mm*- Tree 




11 


130.8 


Abies baisamea 




12 


53.0 


Abies baisamea 




13 


14.0 


Abies baisamea 




14 


363.5 


Abies baisamea 




15 


19.1 


Abies baisamea 




16 


69.5 


Abies baisamea 




17 


32.1 


Abies baisamea 




18 


69.7 


Abies baisamea 


HL-I238 


1 


15.3 


Abies baisamea 




: 


57.7 


Abies baisamea 




3 


46.0 


Abies baisamea 




4 


17.2 


Abies baisamea 




5 


68.3 


Abies baisamea 




6 


23.8 


Abies baisamea 




7 


578.3 


Abies baisamea 




8 


153.1 


Abies baisamea 




9 


130.1 


Abies baisamea 




10 


49.3 


Abies baisamea 




u 


249.9 


Abies baisamea 




12 


49.2 


Abies baisamea 




13 


20.5 


Abies baisamea 


HL-1239 


1 


160.4 


Abies baisamea 




: 


36.0 


Abies baisamea 




3 


7.8 


Abies baisamea 




4 


58.4 


Abies baisamea 




5 


302.6 


Abies baisamea 




6 


18.0 


Abies oaisamea 




7 


38.6 


Abies baisamea 




8 


74.2 


Abies baisamea 




9 


1165.0 


Abies baisamea 




10 


5.4 


Abies baisamea 




11 


18.1 


Abies baisamea 




12 


44.8 


Abies baisamea 




13 


40.2 


Abies baisamea 




14 


- -> 


Abies baisamea 


HL-1240 


1 


17.0 


Abies baisamea 




^ 


570.6 


Abies baisame . 




2 


39.6 


Abies balsam i 




4 


22.0 


{bus baisamea 




5 


4.4 


Abies baisamea 




6 


136.9 


Abies oaisamea 




7 


20.8 


Abies baisamea 




s 


17.5 


Abies baisamea 




9 


48.5 


Abies baisamea 




10 


2116.2 


Abies baisamea 




11 


143.6 


Abies baisamea 




12 


51.8 


Abies baisamea 


HL-1241 


1 


39.3 


Piceamanana 




-> 


23.7 


Piceamanana 




1 

j 


1111.0 


Piceamanana 




4 


33.6 


Picea mamma 




5 


26.9 


Piceamanana 


HL-1242 


1 


52.4 


Picea siauca 




2 


329.6 


Picea siauca 




j 


87.0 


Picea siauca 


HL-124.^ 


1 


14.6 


Picea glauca 




2 


6.8 


Picea siauca 




] 


ii : 


Picea -'■ -'■ ■ 




4 


21.3 


Picea \>lauca 




5 


14. S 


. %laut a 




6 


25.1 


Picea glaucQ 




7. 


105.0 


Picea giauca 
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Quadrat Thallus Area mm* Tree 



HL-1244 



HL-1245 



HL-12-6 



HL-1247 



8 


32.1 


Picea glauca 


9 


185.6 


Picea glauca 


10 


74.1 


Picea glauca 


11 


38.8 


Picea glauca 


12 


73.5 


Picea glauca 


13 


10.0 


Picea glauca 


14 


18.9 


Picea glauca 


1 


20.4 


Picea glauca 


2 


36.0 


Picea glauca 


3 


23.4 


Picea glauca 


4 


19.1 


Picea glauca 


5 


44.4 


Picea glauca 


6 


7.6 


Picea glauca 


7 


7.2 


Picea glauca 


8 


34.2 


Picea glauca 


9 


9.3 


Picea glauca 


!0 


17.0 


Picea glauca 


11 


21.7 


Picea glauca 


12 


141.3 


Picea glauca 


13 


6.9 


Picea glauca 


14 


10.6 


Picea glauca 


15 


24.8 


Picea glauca 


16 


6.9 


Picea glauca 


■" 


19.1 


Picea glauca 


18 


5.5 


Picea glauca 


19 


16.2 


Picea glauca 


i 


83.5 


Picea glauca 


2 


39.9 


Picea glauca 


3 


98.3 


Picea glauca 


4 


836.1 


Picea glauca 


5 


326.2 


Picea glauca 


6 


163.0 


Picea glauca 


: 


10.7 


Picea glauca 


8 


8.9 


Picea glauca 


l 


18.9 


Picea glauca 


2 


36.3 


Picea glauca 




" 


Picea giauca 


4 


28.6 


Picea glauca 


: 


13.5 


Picea glauca 


6 


6.5 


Picea glauca 


7 


6.8 


Picea glauca 


s 


43.7 


Picea glauca 


9 


301.1 


Picea glauca 


10 


112.6 


Picea glauca 


n 


144.5 


Picea glauca 


12 


66.3 


Picea glauca 


13 


237.6 


Picea glauca 


u 


84.8 


Picea glauca 


1 


50.4 


Picea glauca 


i 


30.5 


Picea glauca 


3 


185.0 


Picea glauca 


4 


394.2 


Picea glauca 


5 


81.6 


Picea glauca 


6 


77.6 


Picea glauca 


7 


86.2 


Picea glauca 


s 


T» 2 


Picea glauca 


9 


30*6 


Picea glauca 


in 


104.8 


Pirea glauca 


u 


62.9 


Picea glauca 


12 


60.6 


Picea glauca 


13 


19.1 


Picea glauca 


14 


53.8 


Picea glauca 



15 

16 

17 

18 

HL-1248 1 
2 

4 
5 
6 
7 



9 
10 
11 

12 
13 
14 

15 
16 
17 
18 
1 

: 
• 

4 

5 

6 
7 



HL-1249 



9 
10 



HL-1250 



HL-I251 



s 

g 
10 

1 1 

l 
2 

3 

4 
5 
6 
7 
8 
9 

1!- 
1 I 

12 
13 
14 

15 
16 
17 
IS 
19 



11.7 

104.5 
36.0 
98.7 
28.2 
1459.5 
27.0 

550.7 
18.0 
61.8 

492.7 

13.7 

7.8 

565.1 

378.4 
6.5 
60.0 
32.0 
85.5 
94.8 
35.1 
6.9 
23.8 

974.1 
25.6 
21.0 
95.1 

177.2 
21.9 

301.0 

23.1 

10.1 

18.5 

8.8 

8.4 

302.3 

ns.2 

1 1 .3 

5.4 

25.7 

19.2 

11.6 

78.1 

821.0 

119.3 

92.8 

5.4 

12.5 

15.1 

18.2 

77.5 

87.7 

28.6 

41.4 

143.0 

29 o 

6.5 
61.3 
65 ? 
34.3 

42.5 



Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea %iau 
Picea giaui a 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
i ea glauca 
Picea glauca 
Picea glauca 
Picea glauca 
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Quadrai Thallus Area mm- Tree 



HL-1252 



HL-1253 



HL-1254 



HL-1255 



HL-1256 



20 


73.2 


Picea giauca 


21 


6.6 


Piceaglauca 


22 


13.8 


Picea giauca 


23 


21.1 


Picea giauca 


24 


42.5 


Picea giauca 


25 


580.7 


Picea giauca 


26 


15.1 


Picea giauca 


27 


69.8 


Picea giauca 


28 


119.3 


Picea giauca 


29 


103.9 


Picea giauca 


30 


38.0 


Picea giauca 


31 


24.1 


Picea giauca 


32 


26.9 


Picea giauca 


33 


209.5 


Picea giauca 


1 


275.9 


Picea giauca 


: 


51.2 


Picea giauca 


3 


846.6 


Picea giauca 


4 


6.4 


Picea giauca 


5 


37.6 


Picea giauca 


o 


86.1 


Picea giauca 


7 


3035.4 


Picea giauca 


8 


66.5 


Piceaglauca 


9 


21.5 


Piceaglauca 


1 


288.1 


Picea giauca 


1 

— 


1437.4 


Picea giauca 


3 


47.5 


Picea giauca 


4 


18.5 


Picea giauca 


S 


82.0 


Picea giauca 


6 


59.9 


Picea giauca 


7 


25.2 


Picea giauca 


B 


2304.7 


Picea giauca 


9 


392.6 


Picea giauca 


10 


28.4 


Picea giauca 


11 


59.3 


Picea giauca 


12 


27.0 


Picea giauca 


1 


111.4 


Picea giauca 


*> * 


7 "" 


Picea giauca 


• 


167.1 


Picea giauca 


4 


122.5 


Picea giauca 


5 


525.6 


Picea giauca 


6 


130.7 


Picea giauca 


7 


196.0 


Picea giauca 


s 


27.1 


Picea giauca 


9 


86.6 


Picea giauca 


ID 


314.7 


Picea giauca 


11 


54.6 


Picea giauca 


12 


48.9 


Picea giauca 


13 


51.7 


Picea giauca 


14 


333.3 


Picea giauca 


15 


2571.3 


Picea giauca 


16 


104.8 


Picea giauca 


17 


111.9 


Picea giauca 


18 


93.4 


Picea giauca 


1 


42.1 


Picea giauca 


: 


141.7 


Picea giauca 


3 


148.9 


Picea giauca 


4 


103.9 


Picea giauca 


; 


V)2.4 


Picea giauca 


6 


. 


Picea giauca 


7 


4" , " > " 1 S 


Picea giauca 


8 


148.8 


Picea giauca 


l 


35.2 


Picea giauca 



Quadnu Thallus 


Area mm*- Tree 




2 


24.0 


Picea giauca 




3 


56.8 


Picea giauca 




4 


9.8 


Picea giauca 




5 


41.4 


Picea giauca 




6 


124.1 


Picea giauca 




7 


373.6 


Picea giauca 




8 


25.3 


Picea giauca 




9 


2090.1 


Picea giauca 




10 


205.8 


Picea giauca 




11 


256.1 


Picea giauca 




12 


29.5 


Picea giauca 




13 


115.8 


Picea giauca 




14 


19.8 


Picea giauca 




15 


42.2 


Picea giauca 




16 


32.3 


Picea giauca 




17 


14.7 


Picea giauca 




IS 


25.4 


Picea giauca 




19 


55.4 


Picea giauca 


HL-1257 


1 


114.8 


Picea giauca 




2 


78.7 


Picea giauca 




3 


21.9 


Picea giauca 




4 


55.5 


Picea giauca 




5 


" 542.3 


Picea giauca 




6 


79.2 


Picea giauca 




7 


30.5 


Picea zlauca 




•: 


-\ -> -* 


Picea giauca 




9 


42.9 


Picea giauca 




10 


565.5 


Picea giauca 




11 


1500.3 


Picea giauca 




12 


83.7 


Picea giauca 




13 


55.3 


Picea giauca 




14 


325.7 


Picea giauca 




15 


54.2 


Picea giauca 




16 


47.4 


Picea giauca 




17 


191.4 


Picea giauca 




[8 


307.9 


Picea giauca 




• 


568.2 


Picea giam ,. 




20 




Picea giauca 


KL-1259 


1 


. 


Picea giauca 




^ 


- 


Picea aiauca 




_} 


927.6 


Picea giauca 




4 


64.9 


Picea giauca 




5 


316.8 


Picea giauca 




6 


174.4 


Picea giauca 




7 


342.6 


Picea giauca 




8 


36.9 


Picea giauca 




9 


61.5 


Picea giauca 




10 


105.1 


Picea giauca 




11 


1420.1 


Picea giauca 


HL-1261 


1 


311.5 


Picea giauca 




T 


28.1 


Picea giauca 




3 


27.0 


Picea giauca 




4 


22.1 


Picea giauca 




5 


80.7 


Picea giauca 




6 


55.0 


Picea giauca 




" 


136.2 


Picea giauca 




8 


13.4 


Picea alauca 




Q 


1 17.2 


• 


HF-1271 






Pinus strobui 


HF-1272 




0.0 


Pinus strobus 


HF-1273 




0.0 


Pinus strobus 


HF-1274 




0.0 


Pinus strobus 
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Quadrat Thallus Area mm- Tree 



HF-1275 


0.0 


HF-1276 


0.0 


HF-1277 


0.0 


HF-1278 


0.0 


HF-1279 


0.0 


HF-1280 


0.0 


HF-1281 


0.0 


HF-1282 


0.0 


HF-1283 


0.0 


HF-1284 


0.0 


HF-1285 


0.0 


HF-1286 


0.0 


HF-1287 


0.0 


HF-1288 


0.0 


HF-1290 


0.0 


HF-1291 1 


127.5 


2 


21.9 


3 


132.0 


4 


21.9 


5 


15.1 


ft 


14.5 


7 


13.2 


8 


27.5 


9 


53.4 


10 


51.2 


u 


23.6 


12 


20.3 


13 


32.2 


14 


25.7 


15 


18.2 


16 


16.0 


17 


18.3 


!S 


11.4 


19 


8.7 


20 


9.5 


1 1 


8.4 


*^*i 


10-6 


i : 


1ft.' 


HF-1293 1 


183.5 


■> 


46.1 


3 


47.0 


4 


22.0 


5 


46.5 


6 


106.9 


7 


30.6 


8 


28.2 


HF-1294 1 


82.7 


2 


61.5 


3 


69.2 


4 


55.5 


5 


47.2 


6 


15.5 


7 


22.4 


8 


23.8 


9 


19.7 


10 


12.4 


11 


1X.4 


HF-1295 


5.2 


KF- 1296 1 


50.7 


i 


14.4 


3 


26.4 


4 


24.4 



Pinus strobus 
Pinus strobus 
Pinus strobus 
Pinus strobus 
Pinus strobus 
Pinus strobus 
Pinus strobus 
Pinus strobus 
Pinus strobus 
Pinus strobus 
Pinus strobus 
Pinus strobus 
Pinus strobus 
Pinus strobus 
Pinus strobus 
Populus tremuloides 
Popuius tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Popuius tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuioiaes 
Populus tremuloides 
Popuius tremuloides 
Populus tremuioiaes 
Popuius tremuioiaes 
Popuius tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Popuius tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 



Quadrat Thallus 


Area mm 


5 


13.2 


6 


8.0 


7 


13.2 


S 


9.9 


9 


9.0 


10 


8.2 


HF-1297 


0.0 


HF-1298 1 


148.2 


2 


134.5 


3 


102.2 


4 


28.5 


5 


14.7 


6 


24.1 


7 


40.3 


s 


31.5 


9 


14.6 


10 


16.0 


I] 


13.2 


12 


8.8 


13 


8.3 


14 . 


5.4 


15 


5.3 


16 


4.0 


17 


6.3 


18 


4.2 


HF-I299 1 


64 3.0 


i 


81.3 


3 


20.6 


4 


16.9 


5 


43.9 


ft 


12.6 


7 


7.9 


8 


4.4 


9 


4.9 


HF-1300 1 


867.5 


-i 


87.4 


- 


:; | 


- 


26. S 


> 


16.0 


6 


6.2 


/ 


3.6 


HF-1301 1 


21.7 


2 


12.1 


3 


5.4 


4 


2.9 


HF-1302 1 


566.5 


2 


328.7 


3 


350.0 


4 


61.5 


5 


68.9 


6 


25.8 


7 


56.9 


8 


16.6 


Q 


11.2 


10 


5.1 


1 ! 


7.5 


i: 


51.2 


13 


<4 4 


HF-1303 1 


356 S 


-> 


2894 


3 


392.4 


4 


812.0 



- Tree 

Populus tremuloides 
Popuius tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Popuius tremuloides 
Popuius vemuloidcs 
Populus tremuloides 
Populus tremuloides 
Popuius tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Popuius tremuloides 
Popuius tremuloides 
Popuius tremuloides 
Populus tremuloides 
Populus trt.nuioides 
Popuius tremuloides 
Populus tremuloides 
Popuius tremuloides 
Popuius tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus iremuioiaes 
Popuius tremuloides 
Populus tremuloides 
Populus tremuloides 
Populus tremuloides 
Popuius tremuloides 
Populus tremuloides 
Populus tremuioiaes 
Populus tremuloides 
Popuius tremuioiaes 
Populus tremuioiaes 
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2 


208.6 


Popuius tremuloides 
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HL ■ Hawkeye Lake 
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PL = Plastic Lake 

gc = green crustose (Lecanora impudens) 
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APPENDDC C: Comparison of Lichen, Moss and Precipitation Chemistry Databases 

Several methods exist which can be employed to compare the lichen, moss and 
precipitation databases. A valid and intuitively satisfying approach to database comparison is by 
comparing maps. 

The subject of map comparison is one which is becoming increasingly important because of 
the voluminous databases resulting from environmental monitoring programs, modelling proiects, 
and remote sensing. For a complete discussion of the subject, the reader is referred to the excellent 
book by Davis (1986) on which the following summary is based. 

The first step in comparing maps is the preparation oi an interpolated data gnd. Maps are 
generated from this gnd. Alter the data are available in a map form, visual inspection and several 
more sophisticated techniques can be employed to compare spatial distributions, giving overall 
average measures oi similarity or deviation between two maps. 

CI. Overall Similarity 

After similarities have been detected in the geographic patterns of element content in 
bioaccumulators and precipitation by visual inspection, the significance of the relationships can be 
measured. Careful selection of lichen and moss sampling sites near APIOS cumulative precipitation 
samplers ensured that the variables were associated with common points. Overall similarity could 
be measured by the computation of correlation coefficients. The problem with such coefficients is 
that the correlation between two maps may not reflect the degree ot correspondence over the entire 
map. instead, it may be the result of a single large deviation in a relativelv area (Davis, 1986). 

C.2. Isopach Maps 

The analysis results to date provide a benchmark for future comparisons to determine where 
in Ontario the contaminant levels are increasing, decreasing or not changing. In a situation where 
we wish to compare the same variable measured at the same location at different times ie.g., in the 
case of bioaccumulation data sampled in two different years), it is useful to construct an isopach 

rcnce) map. To prepare such an isopach map. the two data »rid i are interpolated and 
subtracted from each other. The difference gnd is contoured. The resulting isopach contour map 
snows where cnane.es have occurred and their macniruue. 

in the comparison of bioaccumulation and precipitation chemistry we are raced with the 
complication that the data sets are expressed in different units and were not necessanlv collected 
from the same sampling points. In order to compare such data sets, it is necessary to first convert 
both to a standard normal form. 

Expressing one variable in terms of the other has a certain advantage because the 
comparison would be in units of one of the original maps, allowing you to perceive areas where the 
mapped variable would be "greater than it should be" or "smaller than predicted" on the basis of 
the other variable. It might at first seem reasonable to express bioaccumulation in terms of 
precipitation chemistry by measn of some type of linerar or curvilinear regression technique to fit 
approximating equations to the data in hope of shedding some light on the underlying 
relationships. However, the results of this studv show that in most cases precipitation does not 
account for a significant portion of the variablitilyt in lichens or mosses. Unless the correlation 
between the two is high 'i.e.. r- > 0.7). precipitation cannt be considered to be a good predictor ol 
lichen chemistry. The results of the present study revealed that the geographic patterns of 
elemental content in precipitation was often quite different from that of lichens. Therefore, no 
attempt was made to predict lichen chemistry on the basis or precipitation chemistrv Ch 
precipitation chemistrv is only one of the factors influcencing lichen elemental content. 
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The problems inherent in difference maps based on estimated or predicted variables could 
be avoided if the two original maps are converted to standardized forms. To do this, the variable 
at each control point on a map is subtracted from the mean of that variable and divided by the 
standard deviation (Davis, 1986). 

After the data of each case have been standardized, the interpolated grids are subtracted 
and the resulting difference grid is mapped in the conventional manner. The resulting contour lines 
would be in units of standard deviation from the mean and would show where the standard 
deviation from the mean element content in the lichen is less or greater than that measured for 
precipitation, thus indicating that some other factor (such as local emission sources) was an 
important factor. 

C.3. Product Maps 

Davis (1986) points out, however, that problems may arise due to ambiguous areas in such 
isopach maps. For example, a positive difference can result by subtracting a large negative area 
from a low positive area or by subtracting a low positive area from a high positive area. 
Therefore, it is a good idea to also generate product maps. These are produced by multiplying the 
standard normal grids together and then contouring the cross product grid in the normal manner. 
The two grids used to produce the product grid must have the same dimensions. If both of the 
originals grids deviate from the mean in the same direction at the same location, their product in 
that area will be positive, i.e., that series of points common to both surfaces would be positively 
correlated. If they deviate in opposite directions, their products will be negative. Product maps 
were utilized in the present study to identify areas of positive and negative correlation between 
elemental content in lichens and average precipitatton chemistry. 
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